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Introduction of Design of Shallow Foundations. 



( Shallow Foundations) u-JI Ac-lyUl <Jjudl 

• ( jİ£, ( uniform stress) jUu>.I ^Jl jlj-J! (Load) J-«>* y* 

( uniform stresses) СјЫа^Ј J-o>J <jji) ly> ılUi j 

• 0 JLClC- V! 6-» (Concentrated Loads) Ј1арЛ Јдео 

• Jj -а г . Ј Ј ( рипсһгпд ) ^ülisJ vUUi j 
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* <A>JgUoJ I Vi Jü 


( uniform stresses )^ JdSlo jIa^.1 J-ox. <jJx 4-pJa*«JI jlc-I^UU JowjJI 

• (Ј^дх^ЛјЈ I j3 (ЈхЗ Jj ( JjUj Jlc- I jüJ I <jJx- 

(Rigid Footing ) <sl«»L>» ojlc-ÜUI jjT uim dlü jJUaJ j 

. oJlxUÜJ jjuS" d€Jpth>) cLLoau jLlü.1 jJjj-L? < jx dUj j 

p 



/ 


Footing (2) 

Rigid Footing 

• .4rea L * B 


• C oluran Load 


Uniform contact stress . 


Footing ( / ) 
Flexible Footing 
Area L* B 


• Column Load 


Non-Uniform, contact stress . 


• олхШЈ jjuS* (d®pth) jUüJ шо (Rigid Footing) cdxli ЈлаЈ 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Shdllow FoundatİOHS 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) rage ЈУо. 3 


-• Ј Lcjj UjLui.1 |»jj A^pJguaJI ЗхЈ^ЈШ Jlilt j £İ y>İ öJlc- 

• ojlcUJI < jJx- Jd6L>J! jt j^oxJI J5ı w» — ^ 


♦ oJlclc- VI ^јдЈ CjLsLmmJ) j JjxlcJI jjJLc. — Y 

• oJul&VI jl^»o ( property Line) jl>» Jt>- 


Types of Shallow Foundations. 

* <-pJgua Jl d^lyUl £Ј 


/- Strip Footing. Ajk»j- 2 JI olc-I^JUI 


jl^VI j oJüLJI <Јл>Ј iJ JLc-ljJ ^јЛ • 


W.ITaM 


д.с. 


P.C. 


Sec ЛГ— АГ 



X Plan £ _ 


oo 


2 -Isolated Footing. <и ^ Jl j^lyUl 

• JaJLd JL9»I j J j-clC- (J^LSsüJ Jlİjj L % B öJJL>w* <Lə»Lul« Cs 13 Jlc-I jJ • 

-» Lfcjbo чЈЈд>мо Jl£ . I UJ j 

CL- Squared Isolated Footing. <xoj^ olc.1^3 

D 

ХЫ1) • 


* JL». ^l9 i* Jls 

• (jjfi b j “ 

( J^l£Lo jjjx. <ј5Ј aJL jJä£LbOı<J! oJLaX-VI јСдј — 
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b—Haunched Square Isolated Footing. 


<_9 İj-L»VI Jllc- jJJb j JjxlcJI Jllc- j_u£^ jAtlo LLL<mj d> 1 j лЛ *oJulA JLC-I 'jJ (JLÄ 
* ^jLSJl ojloX’I (Jj-o I jl>> oj.u 5 lIİ Cj I j ojulc-V! j*'ıVXİMıU J 



C —Rectangular Isolated Footing. A ı. ı- . . „^1^3 


* 


• <JL1oLwmJI öjl 

•• 

j-i£- AJtSİJ <£oj-aJf oJL&xVI £-o 



d— Circular Isolated Footing. ajjSİj 


<jj5İjJ! oJlqx-VI . v Хгјјз |&Jlpn!L«jl> • 


JliİjuJI ^ ^ 1 Г< чГ> 

JLC- 1 jJLl I Lfeju ^Jb i* JL^İLuu dJJJJ 

• 4x j*cJ I 
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3-Combined Footing. 


j LftJ j jlSt jt j»|J Jaəo Jlc-I • 



72 e c tangu lar Trap e z oida l 


4- Strap Веалт. 

• (jnJyiİuo ( jjjJLfcli ıjİ£r jSİJjj |*j o^jwo LoAlLujj j Jxl>3 (<jjJÜLo) 4jLla£> o yS • 
















шш 

E & 

■- 















Plan 



"T T' 

T 


Strap Beam 



L, J 



X 



Isolated Footings 


5-Raft. (a-İuUI) 


0 JuCL&f ^İXL>. fJxLƏOJ 0jL9»lj öJLfrU (JLÄ 

viUiS' J öJulD^I JIS^T 4JIİ UuuJ) 
Cores , Shear Walls Л 
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Components Of Shallow Foundations. 


_ : o* ojl^U (jl Leöl^ 

1- Plain Concrete Footing. ( P.C .) 

2- Reinforced Concrete Footing. (R. C.) 



(P.C.) «ojLcJ! oJl&UUI «uuisj * 

t_İ (^ЈЈ! JomJI Lft^aJ ojlc-UJI аЛ)јЈ 4jH«j — ^ 

U <ј>>дЈ I d>l n >>• Дх- IJLlCj Jü Jl>J I Да5јЈ dJLÜS a jrjbLjjJ I Jl> JL>. < >ic. L yoy> 

* JüJlsJI İJUö <jJ I JlS qjo «LjjILİ I <jLoj>o JlS 


<> oJlc-LDI I IjjjS" ( j^a>o jlxJ I düLC-UJI j јјж j _ ү 

. <JjJ (jJx. 
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: A^oljb jäXo 


ojl^LDI jLcoT ^-o L pc B pc Ч -jjLcJl öJlcLLI! jU^T <ј^5з 

♦ <> (Z) јЫ-ј {L rx , B R ' C ) 

4 j> JL m JU0 J! ^ <_>jLcJ1 oJldLDI jjjj Jl<u (X <İLmxJ1 

• 1jl& (jJx- ^<лЛЈ1ј jLjaj! Cjj ^јыЈ L«ü ^ 

т 

ч* 

Diagonal tension Failure due to stress 
Concentration at P.C. Footing lower comer 



RecommendLed 



_ ^d\S LeSb 4 »>jLcJI j a^sİuclaJI ^јјј jlc-UU I ^јо «üi^JLcJI j 
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Allowable stress of concrete. 


« > 9sc» 


— Allowable shear stress in Foundations. 



( N/rrım ) 


üc = 1.5 


Calculate Actual Shear stress Ç[ — v 


IF 

IF 


Чи < %ou - 

— ► Saf e Shear. 





Чи > %ou - 

— ► UnSafe Shear. 


We have to increase 
depth of the Footing. 
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(2) Чр рл # — Allowable puncking shear stress in Foundaüons . 

(jX> i ^дАЈЈ fjJb j ^Рси oLo»J 

aJIoJI V! JJ^ff «Са^лЈ I d>.1b 


CU 


• • 


q Pcu = o.s(«* + o.z)\pf 


CL = 4 Interior Col 
CL=3 Edge Col 
CL~2 Comer Col 


purıching UJ иЈш ^Jl ‘üLojjJI L u 5 


2 , 

( N/ntvm ) 0 



a 

Г — 1 




ДулсЈЈ ЈЛ£*А J Ct 


£ 

(N/mmn ) 



(N/mm ) 


Calculate Actual Shear stress 



IF 

IF 


Чри K Чрси - 

— ► Saf e Punching. 





Чри > Чрои 

— ► Unsafe Punching. 


IF Unsafe Punching 

We have to increase depth of the Footing . 
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Requirements For design of shallow Foundations. 


I d> Lo J) i C«ıO J I jJIjj JüV 0JL&L3 рл 


AdjOL 


J 


* Givens 


1 - 

2 - 

3 - 

4 - 

5 - 


Column load ј>*лЈ1 J-». 

C oluran dimensions ЈјллЛ jUjT 
Allowable bearing capacity Qall 
t pc can be assumed. 

Ғ м . , R 


cu 


У 


* Concrete dimensions of shallow Foundations. 






1 




'P.C. 


P.C. 
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♦ 0\\£r J Lcj I LJ L) LmJL>J LyJ V I fvjLuJ I 

w • • w ♦ 


® ^ p c is assumed 1 0 


■> 40 


cm 


IF ~t p ç — 10 — ► /20 cm fWÜI C/LLu». ^ V ^ 


IF 


P.C. 


0 ► 40 С 7 П pi «i ■/>" J I CjLLuu>. j -Jj j < 1 otx eJLfei- j»f." 


Го calculate the ar e a of the Footing. 


Actual Stress on Soil — Allawable Stress of soil 

Pr 


J/ __ -L Col (working) ( kN ) 

Ғ act — 2 

i4rea o/ Footing (m ) 


all ( Bearing Capacity of the soil ) 
( kN /ra ) 


where: 

* P Cot (working) <J OvAf-U j|^J| ^ Јл>Ј1 ^ 

( load distribution ) qa <> j (working) oj^d j 


* 4rea o/ Footing (m ) 


OJlC-ÜLU 4 jJLLu> <A»LwM (Jjt 


ZF t P C ^ 20 cm ojUJI олсШ! j 

IF t pr < 20 cm 4^LaJ! öjl£.LLII ^ 


з)е Qall (Bearing Capacity of the soil) 


(kN/rn) <1*аЗЗ jUl^I jjSİ ja 

* J^ 3 <> 0^»^ ^1» j 


Ar ea of Footing (rrı) = ^ 


CoL (working) (kN) 


Ч 


ail (kN/rn) 
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р 


р 



act 

tp c, < 20 cm 



tp.c. ^ 20 сш 


dİ4bM> £ј 13 <jjLc öJlcU i* I I Jllc- * 

сМ Ј &Sk Ј^* JZ^tp.c. 

Lüj OjJjLlo Ј&1> |AJ AäJLoJI oJl&LUI 

J^.Ij ^јјјЗ öjIx-I <јјЗ ^Ј! 

ÜLu^aJI 4y>-J -JLcJ Ijidj «ujLcJI ojl&LLII 

. jIa » VI ojlx> V tpç l£J I 

?«и 


F f = 

act 


R.C. 


dJUbwj Cj I j *L>jLc öJlc-Ü i* I Jl>lu*> I Jllc- * 

сМ Ј Ј^* tp.c. 

«Lcjjjj jLcl |«j a^JLuJI öJlc-UJI 

aJLulJI Ijiij 4 ->jUJ! ojlcÜÜI 

. 4jjiU j Ltb> V I ^јј јЗЈ ^ p p <jl9 153 I 




* Minimum dimensions of R. C. Footing. 


_:^VI <> ч.*>ЛмыЈ I A_uLwJJL»J I JLC-İ yül £UİwJJ J jLcjt j£ vf L-JLPO • 


80 cm <^wLoaJ! oJlc-HJI Јау> JİL V • 


40 cm öJx-LD! ıiL^o Ј* *• 


Б 


R. C. minimum —80 cm 


İ R.C. mini 


тгттит 


= 40 


cm 
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Details of RFT. of shallow Foundation . 


Jl&IjJÜI p+*»j ^Лс- *UoL& OlIa>.^ILo 
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- : 4-' LəJ jjli (jJJLaJ jL^lyUl ıJüJL-v Lc& I J 


• Strip Footings 

• Isolated Footings 

4 UJ (jıİ Jı£.|yLII Jl)Jl*>» • 

in case of t R . c .> lOOcm 

4»5jLm> |rw^ 

5$ /2\m' 


Strip Footings 

Isolated, Footings — 
Combined Footings 
Strap beams 


ч lyıVı^il <JU> (p İflli ^м! 


($) 1 3 3* Jl£ i ^JiJ I Ч^Һч"п >1 jiaS (JJ* 

1 0 з* з 5 з* (ji j-LwiJU јлс. Jiif j 


4 


Srnin 


4 г 1.5 d (mm) ^ 

^ Smİn (rrırn/m ) = < {■ 

L 5§ 12\m> 
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x—section J! ^ eltl y> 


(?»?) 


(?,?) 0 . 5 m^j> 


(?,?) 


(?,?) 


AsJI 


V У 


r —1012 -Һ«јз 


tr„ w T“ 


) 


■ 4. 

-л . -'■» 


1 . 50 m^f>D i 

J 


<jjLcJI o JlC-LD I јјыј>3 a!L 

m «гм I «« 

4јЛс. qiLüJ 1 4_4li5 <ј1Л^ j ^јја L>3 i <jl 9 ^JLcaJI Jl>Jlp» |*» ы 'Ј 


epie /ш^У 


8016 /rn 


70 mm — 7 cm — C ov er Л <-^^0 • 

• OJLC-ÜÜIj <UL^üJ AjlİjS' a JaxlcJİ JüJL». ал<Ј 5 a 2L> • 

♦ JjUü^jU J^XlcJİ Jl) JLP- <—Sb_9 JJ ^SLo! (_JL9 


• ^!iU uu«)lıJI otiaS' ^jl> ( 

. <jJL II 

• ^ jx IwjuJ 1 oJlc-üü 1 4ш)1«Ји — V 

•• • 

• <l>jLcJI oJlcÜÜI «uIju -Г 

M ♦♦ • 

( ) u^*alo ) <jjLcJI ojlcIU! <ј 1 аз -i 
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Plan Jl (јЈ ЈјУ\ olx- ул um 



♦ 4^JLwa<<Ji j LcJ I oJLfrLsJI • 

. Jj^exJI јлЈ^а&З j öjLco J ^clçJ t јЗ јЗ £w® Jj-<lcJİ ^ыуЈј * 

depth Jl Jb}3 V £uJI jl j Cover Jl оЫј* ^LoVl jl>jl»JI jüjJg • 


Plan 


d <\ 

н 

~~ Cover 

1 

1 



? Vn ^Јх. £uJLmilLİI • 

Column > P.C. Footing > İ2.C. Footing JJ aJ-oIS' ј1аЛ • 
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[71 Desigrı of strip Footings. ■ ч-ЈојјЛЈ) ^l^äJI 


• j oıijLJI Jffil^JI J<«»J 4 J jlc.Ij3 



<д£-јдЈ) 6 JL& • 

( JjuJÜ Jjisdl 4-iib j I* ^ (jJjiaJI cLsöVI A_soj^> Лг>Лј cLLÜJ 



B*1.0 ҮП LbjLcof oJlc-LDI J-oLcüi 


• • 


* Given :~ 


$ Load of wall — kN/rrt 

* g aK = // 



u>aii thickness 

// 
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P w kN/nti 

j tp.c. i - r 

ҮЖ ' 



A 


'w 


Brc \ ШША ]*> 


Bp.c. 


w 


U 


в 


p.c. 


-J 


m 


P.C. 


■J 


/.Om 


1—Calculate the Footing area ( Width of R.C. Footing.) 


IB tp.c. ^ 20 


cm 


C 


*^Ө/г.сг— J 

L — Z?p.c. — ~ 


tp.c. 


J _ 
^р.с.- 


m 2 — Др С * /.0 m yet Др c 


9<Ш 


p 

D •‘■w 

Bp.c. = Q 

vf _ || 



Br.c— Вр.сг 2 ^р.с. 

J- Cbll 



ZF fp.c. <Г £0 cm 


гу 


Л _ 

^/2. C. 

4all 


= sfsf rrt — B R C * 1.0 m yet .Вд.с. 


r\ 


D mü 

*°/г.с. — n 

ЧаЫ 


Bp.c.— Br.c.+ 2 tp.c. 
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2— Design the critical sections For moment. ( Depth of R.C. Footing.) 


U.L. 


U.L. 


U.L. 


ü.L, 



f 

pw 

R.C. 



7 

pw 

R.C. 



7 

pw 

R.C. 



p 

pw 

1 

— 

г*- 

ı 




mmttm 
F act. 

Actual Normal stress 
on R.C. Footing ( U.L . ) 




B.M.D. 


M act. 


Btc = ** 


m 


on R.C. Footing ( U.L. ) B.M. at critical section 

in R.C. Footing (U.L.) 


(kN) 



- Actual Normal stress on R.C. Footing (U.L.) 


F 4 

Pu. L. 

г act. — 

B q * 1.0 m 




(kN/rrt) 




f w 


rz~ 


Critical section of bending at R.C. Footing. TTTTTTİTTTT 

• ^уо İ^LsJl jülc. fcUdUl ac 


*У — 

Br.c. — b w 

/W — 

2 


(m) 


Force = Stress *Area 
Force — F ac t. *Z * 1.0 m 


Moment = Force * Distance 





I.Om 



7 

7 

pw 

1 


rZ - 

I 




^act. 



( JcN.m/rri ) 
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Critical section 

oJL&lill (jJ <axa*cÜ jfllwj (jvjJI çJLLUl 





(İ (mm) — C, \/ ^ <fcjV - m * / S 

V İN/rara) * 1000 ( mm ) 


Choose Cı — ( 3.5— +5.0 ) 


J^lyUl ^ cover Jl јД; jt J*ai> 

• »!d*id! JüJLäJI < «%>J 

t r.c. = d + COVer (70 mm) 

A* 0* (— V 


Get d = ✓V' (mm) 
Take COVGT — 70 mm 


C/ -I jbtfö jt ^ J*oi> 

öj^-iS* oA£.UUI *OL>ö <Ј^З 

Rigid ojl^uji 0^2 <jf 
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3- Сһеск Shear. 


Critical section of shear at R.C. Footing. 

ojl&UÜI \L. j (/•* /) Јј-сј eviclDI Ji»)j Ji«ff ^Jl ^ £jji> I äUJI J-ol». 

5 Cİ) öJlc-LUI (^Ic. öjjjIj (jt • JdfiUJI <A> t> ( JL&J <_ff 

qo3 oIjU^. 1 Jjf UJfc 5y ; di o jlc-LD I v fUgujLo 4 0ј1лиЈ I qj^xs 

Pu.L. JcäUJI Јд> <!• U.^jiu F act» oJLtUÜI i jİ£’ <јјјЈ! Jxi jj ^jLu 41&J ыш> 
C?* -LfiUJI <>»( Jlcj (_Дс. übU>l <»JL <^ЈЈ1 2>>JI ^LLU! 

• Shear stress b& ^ -käi «А^ cM ‘S^ £^»3 сЫ ^ 



Critical 
вес tion 



■к 

ı 1 a- — 


/ 


/lK 4 U 

/ IllAl 


ÖM 


shear 

stress 


[ Shear Failure ] 

(J^lSLİI JİJfehP»l jjf ^ј-о jpbslJ t t лао diJjJ 
JU*^jU ^J^LaJI ^k-JI <_uL>> (jJLc. 

< j^LäJ I (Jl 9 ‘OLwJjJlü | <CojÜLo (J-JLfJ.U V 


Failure 


Actual Shear stress 

< 

Allowable Shear stress 

Чи 

< 

<lsu 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. ShdlloW Fi unddtİOtlS 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) rage JMo. 22 


* Calculate 



(m) 



Critical / 
sectiorı/ 


* Calculate Actual shear Force. (Qu) 



T Г Critical 

section 

d' 

2 5 


(fciV) 


M 


Jİ'q — 

[i “u 


ш 


shear 

Force 


act. 


* Calculate Actual shear stress. (Ç ) 


<lu = 


_ Q 


u _ 


Q u ucN) * ıo 



b*d 


1 000*d (mm) 


( N/mm ) 


* Calculate Allowable shear stress . (^згс) 


%*=»■«> 



(N/mm) 


JL»> V I ,jlİ <jLwojJ>J I <-o jLÜLo (jJx- ЈаАЗ JLojLfcj (Jl9 

. JLc-ifjJj <xL>w>aJl jLc^VL) l лЈ aSl^jj < xc » ,n». CiljlfT 

• « M * M н 
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"ÖN 


* Comnpare between 


Actual shear stress (qj Sc Allowable shear stress ( Ç su ) 


*if q u < q 


su 


Safe shear stresses 

No need to increase dimensions. 


*if q u > q 


su 


Unsafe shear stresses 

We have to increase dimensions. 


IF Unsafe shear stresses increase tn.c.bylOOmm 


then Calculate: 




(m) 



UcN) 


ч и = 


QyŞJcN) *_to_ 

1 000*d (mm) 


( N/mm ) 


then Recheck: 

Actual shear stress ((J u ) Sc Allowable shear stress ( 9 5г ,) 
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4 — Reinforcement of the Footing. 


Frorn Step (ğ) We Choose ^ (з. 5 -*> 5 . 0 ) 
From Cı ^ e - ► J 


Get 



2 

(mm ) 


Check 


A 


тгп 


л r 1.5 Cİ (mm) 

Smin ( mrn/m ) = ] 

5<ff> 12/m x 


IF ■ 

o /x o mr 


тлп 


* o.k. 


if A o <А* • 

o \ o mı. 


тгп 


> Таке 


A* = A 


mvn 
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5 — Details of Reinforcement. 
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Example. 


It is required to design a strip Footing to 
Support a R.C retaining wall of thickness 25 cm. 

The wall working load is 350 kN/rri,and the allowable 
net bearing capacity in the Footing site is 
1 00 kN/m 2 . (F cu - 25 N/mm 2 , Fy= 360 N/mm 2 ). 
and draw details of RFT. to scale 1:50 


Solution. 

Data given. 

Wall of thickness = 250 mm 

P a u (working) = 350kN/rrt Р^ (U.L.) =350*1.5= 525 kN/rrt 

Bearing capacity of the soil = 4 a ll~ 100 kN/m? 

F ot =25 N/mm 2 F y = 360 N/mm 2 


1—Calculate the Footing ar ea (Width of R.C. Footing.) 
Choose t P C — 30 era 20 cm 



P w _ 350 jkN) 
4all~ 100 < kN . V™) 


3.50 m 


Br.c. — Bp.c. 2 tp.c.— 


3.50 - 2*0.3 = 


2.90 m 


Bp.c. — 3.50 'Jrı 


B r.c. = 2. 90 m 
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2 — Design the critical sections For moment. ( Depth of R.C . Footing.) 


— Actual Normal stress on R.C. Footing ( U.L .) 

Р\Ј. L. 525 


Pı ZCİ. — 


Bjt.c* 1 ‘0 m 2.90*1.0 


— 181 • 03 kN/rri 


— Critical section of bending at R.C. Footing. 


_ Bit. c.—bw _ 2.90 -0.25 __ / Д25 

2 2 


m 


м 


act. — 


act. ♦ 0 


* 1.0 m 


M act. = 1( 1 1 325 - /5Ö.9 kN.m./rrC 


0.25 




1 

-2.90 


'w 


|/.agg 


шш&ш 

181.03 

M act. 
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• • 


. cUC, 


M act. 

Fcu*b 



Л (Л = 5.0 \ 9 * 10 6 _ 398.6 mm 

V 25 * 1000 

t R,c. = di + 70 mm = 398.6 + 70 = 468.6 mm 





Critical 
, section 

dt 

|£ј_г_, 


3- Check Shear. 

*Critical section For Shear. 

i = Z-d 

l - 1.325 - - — - = 1.11 m 
*Aciual shear Force.(Q u ) 

Q u = F aet *l*1.0m = 181.03 * 1.11 * 1.0= 200.94 kN 



shear 
For c e 


*Actual shear stress. (Q u ) 


Чи = 


a 


- ^ 20094 * 10 =0.467 

1000*430 2 

N/mm 


b*d 

* Allowable shear stress. (Q su ) 



4su= 0 - 16 


Fcu 



= 0.16 \ ~~ — 0.653 N/mm 
v 1.5 


Safe shear stresses 

No need to increase dimensions. 
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4— Reinforcement of the Footing. 
From Cı= 5.0 ► J= 0.826 


A*= 


м 


act. 


158 . 9*10 


J F di 0.826* 360 * 430 
У 


= 1242. 7 mm 


Check 


A 


Smin 


A 


Smin ~~ 


1.5 d = 1.5*430 = 645 
5<ff> 12/rrC = 565 


л A S >A 


тгп 


> o. k. 


645 mm 


Ac =1242.7 


2 

mm 
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5 — Details of Reinforcement. scale 


1:50 



0.30 


2.90 


0.30 



Plan 
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Isolated Footings. a j^ixJ I j^lyUl 

ÖJ$İ J J jUimI* ÖJ^ J k** ЈјлХ. \ t ı jlf . j$3jj Jil\ JL£-l>5Jf * 

ЈЛлл+л* 

. ч LlflLhJI öJLC-Ülr JUL j jl JjİoLm JaM (jf <£JjAİI OjLC-İjJU jSlu * 


2] Design of Isolated Square Footings. 


«uj^ oJ I aJL^lİIaJI 




U . 


Br.c. 

Bpc. 


u 

X 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Shdllow Fc undutİOtlS 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) rage ЈУо. 32 


Steps of design. 


* Gİ/ven. * Load of colurnn — P = ^ 

* Bearing capacity of soil — 9 aii ” kN /m 

* Dimensions of the colurnn . ((X * b) 


* ^.c. s ^ 


1—Calculate the Footing area. (Width of R.C. Footing) 

IF t P C ' ^ 20 c m 

get Bp'C. Frorn — 

TD I — 

A pc =j™~ =ss rrt = в рс *в рс U 

PC - 9 ali ЛС - PC - Bp.c— 1 


1 




В R.c,— B P'C.~ 2 tp.c. 



IF t P C < -20 cm 

gret C F rorn 


A r c — ^ m * — Дк.с.* B RC 

4all 


i 


Br C = V Чаи 


Bp.c.— Br.c.+ 2 tp.c. 
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2—Design the critical sections For moment. (Depth of R.C. Footing) 


Br.C. = 


m 


Pu.L.= Pw * 1-5 


(Ш 


-Actual Normal stress on R.C . Footing ( U. L .) 


( kN/m ) 


Pü.L. 

.L 



R.C. 


F act . 

Critical section of bending at R.C. Footing. 

* I Ija j jxlcJI fjİA jjxJJ 4 jj>J 1 CjUUoII I «л .li 

Direction I 



(m) 


Force = Stress *Area 
Force — Fact. * Zj *Вд e. 



II 


B 

ot 

IHİSI 

l 








u. 


-Ör.C. - 1 


Moment — Force * Distarıce 


i~Zr~ 



(kN.m. /B) 


ШШҺШ јр 

fact 

act. 
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Direction II 



(m) 


Force = Stress *Area 
For c e — F act. * Zu * B R C . 



i 


B R.C. 


Br'C. — 1 


Moment — Force * Distance 



1 ■ 1 

a 

j 


cZır 

1 



(kN.m/B) 


mmhlD jp 

f act. 

'lipr 
^Мпа ot 



^ u ^ act. ^ M п ac £ <İö^äkL 
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Br.c, - 1 



(mm) — 



M act. ( kN.m ) * /Q g 

İN /mm ) * B R C . (mm) 


Choose С 1 •=■ ( 3.5— +5.0 ) 

C/ j jt vic-lylll J^aİ) 

o ıjjuS* ojlc-LDI oUo 

Cet d — vV* (mm) 


Rigid ejLfrlill £ј5з <jf 



jPafce COVGV — 70 mm 


dtlylll ^ cover Jl jf Jii» 


• HjLtfJI JbJLfcJI <jU»J 


t R .c. = ci -f- COV&V (70 mm) 

ojLjjJIj 0* ^ <_sj_Sİj 
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3 — Сһеск Shear. 


Criücal section of shear at R.C. Footing. 

ojlcüÜI C. L. i-iLoeJl j (/•* /) eJLfclill Ji»b Јд*Л ^1 (З-о jj-o&JI J-o». 

(a+ d) Sc (b + d) öA£.uji ^ c^b оД> 

üIjU>I (ЈзТ l ftjJ г> aJlc-ÜÜI <■ bu£ uİ4 (d+ cf) ^ ( b + d) <»LmJI 

J^ocJI J<ı> Чјы> i 'act. eJL£>ÜÜI ^İ£ AjjüJI Jaİ jj *»■>■ 

<*> Ј4 j^acJI (j-» ^ (j-o ( — ) jl£j (^Jb jdS übU>l <jlf> (^jJI ^»JI ^UaUl 

• Shear stress д &. ^JbJL д J aü JxJ jj ^LL 5 J^t 



Critical 
sec tion 


d\ 

2 ı 

— Г 


l 


т 




/ 

Failure 



[ Shear Failure ] 


shear 

stress 


(јЛЛЈ\ jldfeuxt (jf (j-0 (jibaslü 1 UM dJUjJ 
(JUgıAj jJU gJ^LcJI uül> (^Лс- 

U ^J\ <j3 OLwoj^JI <-ojÜLo (J’JlcIL V 


Actual Shear stress 

< 

Allowable Shear stress 

Чи 

< 

Vsu 
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a 

7 §| 


5' 

ШР 

i gl 

B 

İ 

шж. 





Um 

I 




Critical 

section 


* Calculate 



(m) 


Zı <Zu 1п 


* Calculate Actual shear Force. (QJ 



T Г Critical 

acction 

d\ 

2 


(kN) 


M 


'һо 


shear 

Force 


* Calculate Actual shear stress. (9„) 

Qu 


Fact 


Чи = 


b*d 


П Qu(kN)*10 S 

X.U — 


B R.c. * d (rnm) 


iC 

( N/mm ) 



* Calculate Allowable shear stress. <?««) 

ЈаАЗ JbaHcJ JLC-ljiÜf 

(N/mm) 0 аЗЈ\ ajLo jiJI jlXo <^1с, 

< ıc. l /ı> < A u». Jl>> jj V 

♦ jlcJJULS jLcoVL IaİaSl^jj 

•/ • • M 
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* Compare between 


Actual shear stress (qj & Allowable shear stress 

*if q u < Чы — ► 


Saf e shear stresses 

No need to increase dimensions. 


*if q u > q, 


■su 


UrıSafe shear stresses 

We have to increase dimensions . 


IF UnSafe shear stresses increase tR.c.hy100mm 
then Calculate: 


d = tn.c. — 70 

mm 





'Ö 

1 

II 

(m) 




Qu=Fact * ln* 

B R.C. 


d Q%iUcN) i 

10 

3 

— 

B R.c. * d (rnm) 


UcN ) 


( N/mm ) 


then ReCheck: 

Actual shear stress (qj & Allowable shear stress (QL*,) 
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4 — Сһеск Punching Shear. * ujlSIjJI qoIİ I 


• o Jlc-UU I ^Јјј&о J qa oStlJI V—JL90 
. oJL&UÜJ J^clcJİ <_iİ$ ^ ^üiuj ^јЈЈ ıjoäS\ jLkəJ j Qfp (— Xwi>o dil j üStlü ^ 

• OjLfclill LJLİJ ^ £jllll fjOİ il <L«jUu J <_x«jlso ^ 


TYıe concrete area which resist punching shear. 

* i-jlSIjJ I ^дЈЈЈ 4-« jLLJI 4 4 >>Lwx 4 JbJt>o 

н . 

л ^ <İLdb» ^İ£- J^xucJL Japo Јармо <> öjIa£. <_jJ ”JI jaUl ^>Ji ^UoiÜI 

* <J^ (ј 


Ü- 9 


c£\£ d \2 

Г”П r~n 


M\ a 

\ л 

1 

! bi 

1 

. ) Igjg 

т* 

\fO 

d\2\\ 

İl 


^ a+d— 1 


"HP- , 
■ 

-a- 

T 

I "Ölcsıf 

ı 



L-cL-i 


d— 1 


^-a+d-^ 


* Calculate Punching Force. ( Qp ) 
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* Calculate Punching shear ar e a. {Ap) 


-LxifrwcJ 1 


(Ј«охЈ1 




(mm) 

г>а 

* Calculate Actual Punching shear stress . *lp u 

ry Punching For c e 
^Ри— 


Punching area 


%u = 


Q v ( kN ) * /O a 


[2(a+d)+i?(b+d)]* Cİ 


£ 

(N/mm ) 


* Calculate allowable Punching shear stress. Qpcu 

* I V! J3VI <«<aUI «д>Лз 



CL~4 Interior Col 
CL = 3 Edge Col. 

0 1=2 Comer Col 



a 


punching Ы иЈ^ы «oLt^pJlIu^ у* b 


2 f 

(N/mm ) 


j^clcJJ jjx^oJI ^jxJI јл cc 




(N/mm ) 


(N/mm ) 
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* Compare between 


Actual punching shear stress (Qmı) SC AUowable punching shear stress (</_„.) 


pcu' 


* Ҹри ^Чр си 


Safe punching shear. 

No need to increase dimensiorıs. 


* IF Ури Чр си 


UnSafe punching shear. 

We have to increase dirnensions. 


5 — Reinforcement of the Footing, 


Frorn Step (ğ) We Choose — (3.5-*-5.0) 
From Сј G в - ► J 


Get 



2 

( mm ) 


Check A 


Smin 


л r 1.5 di (mm) 

Smin ( rnrn/rn ) = ) 

t 5012/m > 


if ■ 

o ,t *c nm.r 


mvn 


> o.k. 


if A* <А Ч ■ 

o X rm 


тгп 


Таке 


А* = А 


mvn 
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6— Details of Reirıforcement. 
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Example. 


It is required to design a square Footing to 
Support a R.C c oluran of thickness ( 45*60 ) cm. 

The coluran working load is 1 450 kN , and the allowable 
net bearing capacity in the Footing site is 

1 50 kN/m 2 . (F cu = 25 N/mm 2 , 360 N/mm 2 ). 

and draw details of RFT. to scale 1:50 


Solution. 

Data given. 

column dimensions ( 450*600 ) mm 

P ol {working) = 1450 kN * о( (сШ = 1450 *1 .5= 2175 kN 

Bearing capacity of the soil = 4 a ll~ 150 kN/m? 

F ot =25 N/mm 2 F y = 360 N/mm 2 


1—Calculate the Footing ar e a ( Width of R.C. Footing.) 
Choose t P C — 40 cm 20 cm 

A P w 1450 (kN) г 

-Др г — /| — 4 er n / l. дг / — 9»67 

ғ - с ' 4all 150 (kN/m) 

Ap, C. = Bp.c.* Pp.c. = 9.67 m 


B P'C. — 3. 1 0 7п 


Br.c. = 2.30 тп 
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2—Design the critical sections For moment. ( Depth of R.C. Footing .) 


-Actual Normal stress on R.C. Footing ( U.L .) 

Pu.L. 2 1 75 


P OLCİ. = 


2.30*2.30 


= 411.1 kN/m 


Br,c. —cl 2.30—0.43 

Z= — = i 

- 0.925 m 


Force = Stress *Area l. дд _j 

Force = F a ot *Z*B 

= 411.1*0.925 * 2.30 
= 874.6 kN 


moment = Force * Distance 

1 > 2.30 1 




M act. — (Ғ act * Z * Br,c) 

= {411.1*0.925* 2.30 = 404.5 kN.m 


t 
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v d = 


\ I M a ct 

Choose Cı — 5.0 

V ғ„. * һ 



л d 


‘ 50 \A 


40±5* 10* = 419.36 mm 


25 *2300 

t R.C. = d + 70 mm = 419.36 + 70 = 489.3 mm 




3— Check Shear. 
a+ d = 0.45+ 0.43= 0.88 m 
b + d = 0.60 + 0. 43 = 1 .03 m 



L— a+d -^ 1 


*Critical sectiorı For Shear. 

l = Z-d 


1 = 0. 925 - 0 43 = 0.71 ГП 

2 


Criücal 
section 

d\ 


*Actual shear Force.(Q u ) 



Shear 
For c e 


Qu = Fact*l*B R ' C . =411.1 * 0.710*2.30 = 671.3 kN 
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b+d 


* Calculate Actual shear stress. (9„> 




- ^ .mil 0.673 

2300 *430 , 2 

N/mm 


b*d 

* Allowable shear stress. (O 



4su = 016 


Ғси 



= 0.16 \ §^r = 0.653 N/mm 
v 1.5 


UnSafe shear 

we have to increase dirnensions. 


Take 




3— Check Shear. 

a+ d = 0.45+ 0.53= 0.98 m 

\) + d = 0.60 + 0.53= 1 .13 m 

*Critical section For Shear. 

l = z-d 

l = 0.925 - 0 53 = 0.66 m 

2 


Г~ 



1 

0.45 - 

Г“1 

f 

w§ 

0.53 1 

j 0.60 
■ { 

мшк 

2 > ı 

ı 0.53 \ 


' 2 
\ 


I 


1 a +d — 1 


1 


■Ö 

+ 

rO 


J 


* Actual shear Force. (Q u) 

Qu = F *ct.*l * B R.C. = 411.1 * 0.66 *2.30 = 624.05 kN 
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N»IA 


* Calculate Actual shear stress. (9„> 




- .***■" •rf.ejnt 

b*d 2300*530 z 

N/mm 


* Allowable shear stress. (4sJ 



4su= 0 - 16 


Fcu 


= 0.16 \ Ş^r = 0.653 N/mm 
v 1.5 



Saf e shear 


4— Check Рипсһгпд Shear. 



GL+ d = 0.45+ 0.53= 0.98 m 
& + d = 0.60 + 0.53= 1 .13 m 


* Calculate Punching Force. (Qp) 

Qp= Pu.l.- ( Fact . ) [(a+d)(b+d)] 

Qp= 2175 - 411.1 [0.9fi * 1.13 ] =1719.7 kN 
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* Calculate Punching shear ar ea. (Ap) 

Ap = \_2(a+d)+2 (b + d)~^ * d 

Л р = [2 ( 450 + 530 )+ 2 ( 600 + 530 )]*530 


A p = 2236600 


rnm 



* Calculate Actual Punching shear stress. %u 

Qp 




\_2(a+d)+2(b+dL)~\*d 


q 1719.7 ♦ 0‘ = 0.768 N /шт* 

2236600 

* Calculate allowable Punching shear stress. % 

• < JU II lyA J3VI «CeoSJI diJb 


cu 



(1=4 Interior Col 


b 0 = 2(a+d)+2 (b + d) 

= 2 ( 450 + 530 )+ 2(600 + 530 ) = 4220 mm 


%cu= 0.8 ( + 0.2 ) = 229 N/™-™ 
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2 f 

( N/mrn ) Һ 

i 


a 

г* — 1 



OL = 0.45 m y b = 0.60 m 

0.45 . J 25 


Чрси= 0.316 (0.5+ ) \jj^ =1.61 N/mm 



(N/mm ) 


Ч Рси = 0.316 \jjj = 1.29 n / 


mrrİ 



(N/mm) 


-lLLJI f^S £pV! ^ J3VI OuUI üts 


• • 




q </q 

w Saf e vunch/inq 

shear. 

*pu ±pcu 

No need to increase 

dirnensions. 
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5— Reinforcement of the Footing. 
From Cı= 5.0 ► J = 0.826 


A*= 


M 


act. 


404.5*10 


J F y d 


0.826 * 360 * 530 


=r 2566.6 ram 



2 


( mrn/m ) — 



2566.6 

2.30 



Check Д 


Smin 


A 


Smin ~ 


1.5 d = 1.5*530 = 795 
5<ft> 12/m'= 565 


795rnm 


A S >A 


mvn 


> o.k. 


Aq = 1 1 15.9 


2 

mm 
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6— Details of Reinforcement. 




2.30 -I 

3.10 


Plan 
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Design of Isolated Rectangular Footings. 


3 

• aJj-Llu ллј I <JUäi ul 
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<ia j&Jlo 

• A JlC- ) jiLİ I çjJ ^J^aib 

• jÄLtoJI Ija 4_$jLwjlLo *3j-«xJI J ЧјхЈ.шјыЈ 1 öJLC-OÜt j!!)^ <>• <İLuuJI (jj5İ3 (ji 1 

* ^аЈ IjUb J 




/— Calculate the Footing area,(Width & Length of R,C. Footing.) 

IF t Ra ;> 20 c m 

5p. c . > Lp.c. From 

Ap.c. = m = Bp.c.*L P .c. @ 

4all 

Kz B p. t b ~ a — ~® 

ojL>JL f-° 0* *->јЗУ1>јЗј Bp. C & ^ P Ç ulw» d£J 
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IF tp C ' < 20 cm 


9 et B R .c. > Lr.c. From 


A - 

. R.C .~ “ 


■lü 


— m — B r.c.*L r_ç. (7) 


all 


L - В в = b - a 

R.C. R.C. 


-CD 





2—Design the critical sections For moment.(Depth of R.C. Footing.) 


B R.C. = ^ m ^ m 



(fcAT) 


- Actual Normal stress on R.C . Footing İXJ.L.) 


( kN/m ) 



P U. L. 

A. 


R.C. 


тшнш 

P act. 
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- Critical section of bending at R.C . Foorting . 

* (jaUlqJI Ija j jxlcJI ^ j jjxJJ < CjULUU I <л .li 

I' 


Direction I 




ı 

°Ä.C. 


Force = Stress *Area 
For c e = Fact. * Zı *Вп,с. 

Moment = For c e * Distance 

■^I act.= C Fact. * Zj * -ö«.c.) 

( kN.m./B ) 



.j 




! 


,-Zr~ 




güüfalD n 

Г act. 


act. 
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f/ocfc ( kN.m ) * 10 ** 
Fcu W/mrn) * Br.c. ( mm > 


Of / (mm) — C 7 


Choose j — (3.5— ► 5. 0) 

Get di = ss (mm) 

Га&е COVGV = 70 mm 


Сј J *Ч»3 jtüsi jt J^lyÜl J^İ J^aİb 
Ојлз£ öjx UJI <jL>ö 

Rigid ejL^ıuı jt jUJ 


jjuS' o^ı^uı ^ cover л оД; jf ЈМ» 

• fjUaJI j* JbvJbJI 


^ 7 Д.С. ~ ^1 -J- COVCV (70 mm) 

l Г* °* vj 35f v.^ 

Direction II 



(m) 

Force = Stress *Area 
Force = Fact. *Zn* Lr.c. 

Moment = Force * Distance 




(kN.m. /L) 


▲ II act. 



tn.c. 


R.C. 



© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Shdllow Foutldatİons 

Downloading or printing of these notes is allowed for personal use only. л/ „ _ 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) rage ЈУо. 57 



M II act ( kN.m ) * 10 ** 
Fcu W/rrvrn) * R C (mm) 



(mm) — 



Choose — (3.5— ► 5.0 ) 

Get dıı = >/V (mm) 

!Га/:е CO'GeT' — 70 mm 


C/ J jt j^I^İİI ı^i J*äİ» 

сјм^ вох-ИЛ *o qj 5з 

Rigid ej^ÜUI <2,^53 jUiJ 

jaaS' dti^uı cover л оД» сШ> 
• f<A Jl JLjJbJI <uL»J 



= dn+ cover 


(70 mm) 




^Ä.C. <>* t JI R.C. O* 
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3- Сһеск Shear. 


Critical section of shear at R.C. Footing. 

45° 1Л (/• /) Jf" öjlc-Llii ji.ij jJu»! ^ji ^İ£.f ^јјјј ji 

( cl+ d) Sc ( b + d) <А>* ö& сЛ 

qo3 C>İjLtL>-t Jjf Lttalf- eJLC-UUI <-L^ujlo (&+ d ) ♦ (£)■/■ c£) <ј>-1*лаЈ I qj&s 
P jj'L. Јд> Lə-jjJo* F act, oJtx-üÜI Ojlll J&i jj ^Ls fiu3 <!u 


>. q* j^lcJI Jlıj jlcj (^ic- <>»3 иЫл>1 A-jlc. ^ЈЈ! çjäJI ^UaDl 

2 

• Shear stress ^ <»JL ^bJb ^ Jaii «>ј^1 ЈлЈ jj fJL ^UaS J^T 



■ Critical 
section 
d\ 

21 1— , 




/ :r w 


/ 


töH 




[ Shear Failure ] 

^^auäJt jLftu-l £|f ^ј-о t j'xj dUJJ 

stress £3>ulH ^Ja*JI cjuU. ^İ£. 

(JäDI (Jl 9 <*ojULo (jJlcJL V 


Failure Faot. 


ictııai STıear stress 

< 

Allowable Shear stress 

Vu 

< 

<lsu 
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Critical 

section 


* Calculate 

l=Z-% 

(m) 

Zj > Zjj o* z 


a 




* Calculate Actual shear Force. (^и) 

CJLC-ÜU I (jJ jJ& J (-JU*X>Q 



(kN) 


* Calculate Actual shear stress . («U 

Q 


q _ '«м 


b*d 




Q u UcN) * 1 0 


1000 (mm) * o[ (mm) 


( N/mm ) 


■ Critical 
section 
d\ 

2 ■ 7 


Shear 

Force 



* Calculate Allowable shear stress, (< l su ) 

JaiLİ JUlİCO JLC- 1 jÄJ I (Jli Jk>. ^ 
(N/mm) ^ <GU>>JI 

S, 1Сч/1> nı» CjIjIS Jl». јЗ V 
• jlc- I j-äiJ <xl94^JI jLco */L> Lal1iSl^4j 

V ♦ • ♦♦ 
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* Compare between 


Actual shear stress (qj & Allowable shear stress 


*IF q u < q, 


■ SU 


Safe shear stresses 

No need to increase dimensions. 


*if q u > q 


■su 


UrıSafe shear stresses 

We have to increase dimensions . 


IF UnSafe shear stresses increase tR.c.hy100mm 


then Calculate: 


d — tR.C. — 70 


mm 



(m) 



(kN) 


<İU = 


Qu^n) » ıo 3 

1000 ( mm ) * d (mm) 


(N/mm ) 


then ReCheck: 

Actual shear stress Ш & Allowable shear stress ((j ) 
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4 - Сһеск Punching Shear. • <_xSHJ! ^aSUI 


• OJLCÜUI JjSio Jj-OlJI <jf QX J^tJI «_*>0 
öJLcÜÜJ J^XlcJI (-JlSj q£, £JLU*d ^ЈЈ' gA$Jt jlfcdJ J Qp ( ^ *«»>«*< dUj (Ј4 dStlLJ J 

* oJLfcHJI ljlSj ^Х- Tpllll <jLwjj^JI *Lo jl_Lo j 0^л~ 

* ■*■ г’ I 


cu • 


TYıe concrete area which resist punching shear . 

* u il J ^jaUU ^mo^ÜLoJI <oLyjj^J I <jxLmo^ jüjlm 

JS' qa qa — <İLum (jJLt J Japo 1а>х> q£ öjUx. <_Л1јЈ1 yaSS\ J 1 jLLaiJI 



d 

2 

a 

▼ 

d 

2 



L— d-^ı — 

L— a+d— - 1 

* Calculate Punching Force . (Qp) 



* Calculate Punching shear area , a,) 

■IflJLPs^cJI <ЈИ»-СЈ1 



(mm) 
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* Calculate Actual Punching shear stress. %u 

n Punching For c e 
з.ри~ 


Punching area 


%u = 


Qp <fcjv> * ıo 3 


\_2(a+d)+2 (b+d)~\* di 


£ 

( N/mm ) 


* Calculate allowable Punching shear stress. Qpcu 

■ 4JÜJI ^ ,> JSVI «CuDI jj.ti 


Ҹрси= 0.8 (^ + 0.2) 


CL = 4 Interior Col 
a=3 Edge Col. 

C 1=2 Comer Col 



a 


punching UJ ^Jl «uLo^pJIİ >wo y 5 


2 г 

( N/mm ) b 


J yı sd) Јлс*а № Jay Jl y CL 




£ 

(N/mm ) 


(N/mm ) 


* Compare between 

Actual punching shear stress (tfpj SC Allowable punching shear stress (<7 peu ) 

Safe punching shear. 

No need to increase dimensions. 

UnSafe punching shear. 

We have to increase dimensions. 
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* Ури <%CU ► 

*IF % u >% cu ► 


5— Reinforcement of the Footing. 


/act. 



Мп act. 


İr.c‘ 



II 


Br.c: 


L R 'C: 


r-b-ı 

I 

a\ — 



в 


Br.c. 
lı 


Sec. I 


L*. 


L Xl 

^ R.C.— 


-J 


From Step (g) We Choose — (3.5-+ 5.0) 
From Сј G e - ► e/ 


J^Miact. 


Get 



2 

(mm ) 



Check A 


Smin 


A 


1.5 Cİ (mm) 

Smin ( mm/m ) = ^1 

5$ /2/W 


7/7 Asi ^A Smin ► o.fc. 

777 "S/ ^ A Smin ► Take ^4g =■ -^S m i n 
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Sec. II 


From Step (ğ) We Choose С 1 — (3.5-^5.0) 
From Cı ** в - ► J 


Get 



2 

(mm ) 



A ii Ufv Vt 


ЖШ, 






r.c . 


~Lr.c: 


-j 


Сһеск 


Smin 


л r 1.5 (JL (mm) 

Smin ( mrn/m ) = ] fjffVı 

C 50 / 2 /m' 


/ғ Астт^>,Ас 

ö ii o тгп 


^ А 8 П<А 8тА 


тгп 


> o.fc. 


> Таке 


А» = А 


S m/i. 


mvn 


^ L JojmJI ( ЈлЛ>о <JU. 

ol <13 i uLo» (jSuoaJI ^JlıJU j AIj act, Л1п act , ј^5!ы 

B ~ L 

A S I= AqJJ <ajUI (j-iij VI oUo VI j Joäi «a^Ij 
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6- Details of Reinforcement. 
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Exarrvple. 


It is required to design a rectangular Footing to 
Support a R.C c oluran of thickness ( 30*80 ) cm. 

The coluran working load is 1900 kN , and the allowable 
net bearing capacity in the Footing site is 
120 kN/m 2 . (F cu = 30 N/mm , Fy = 400 N/mm 2 ). 
and draw details of RFT. to scale 1:50 


Solution. 

Data given. 

coluran dimensions ( 300*800 ) mm 

P o (working) - 1900 kN ’ oL ( u.l .)- 1900 *1 .5 = 2850 kN 

Bearing capacity of the soil — 4all~ 130 kN/m 2 
F cu = 30 N/mm 2 F y = 400 N/mm 2 

1 — Calculate the Footing area ( Width & Length of R,C . Footing .) 
Choose t P C - 30 era 20 era 

L -B = b- a = 0.80-0.30 = 0.50 m 

P.C. P.C. 

L r.c= B P.C. + °- so ™ ■© 

A _ P ’» _ 1900 Ш _ ,-д, ...» 

P ' C ' 4all 120 ( kN/rrı ) 

Ap.c.= B PC*L P .c.= 15.83 ra -ф 
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Bp.c*Lp.c. = Bp. C * (Bp.c. + 0 » 50 ) = 15.83 m 

В P'C. — 3.73 ^ 


B р.с.— 3.80 тп 


L P'C. — 4.30 тп 



Br.c.= 3.20 m 


Lr.c.= 3.70 m 


2 — Design the critical sections For moment. (Depth of R.C. Footing) 


— Actual Normal stress on R.C. Footing (JJ.L.) 

Pu.l. 2850 


P öbct. — 


Вдс* 1 /дс 3 . 20 * 3.70 


- 240.7 kN/rn 




Jbj. J jJL bJ İU* İJİ 


dj=d n бЛ- r 5 ^ — *W tü W * ä, *2: л öj^İ 

5 L 

• JUL ^ I j-UÜ öLsöf <jf <ј51«ј ol <jf 
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Force = Stress *Area 
Force = F ac t *Z*B 


3.20 


= 240.7* 1.45* 3.70 
= 1291.4 kN 

moment = Force * Distance 
^ act. — (F act. *Z * Br , c .) 



3.70 


= (240.7* 1.45 * 3.70 ) 1 -^~ = 936.2 kN.m 


tn.c. 



936.2 kN.m. 
'^З. 70 — — 1 


936.2 kN.m. 



v d=C 1 


м 


act. 


Fcu*b 



Л d = 5.0 \ 93 '* 10 * = 459.2 mm 

V 30 *3700 

t R.c. = di + 70 mm = 459.2 +70 = 529.2 mm 
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3— Сһеск Shear. 
a + d = 0.30+ 0.48 = 0.78 m 
b + d = 0.80 + 0.48 = 1.28 m 



*Critical section For Shear. 

l = z -İ 

l = 1.45-0^2= 1.21 m 

2 

* (Qu) F° r 1-Om 


—a+d ^ 1 


Critical 

section 



Fact. 


Shear 

Force 


Qu — Fact. * £ * 1*0 7п — 240. 7 * 1.21 .0 тп — 291.2 kN 


* Calculate Actual shear stress. (g„> 


Чи‘ 


5*Cİ 1000*480 2 

N/mm 


* Allowable shear stress. (ч . J 





cu 


— 0. /6 \/ — 0.715 N/mm 
v 1.5 



Saf e shear stresses 
No need to increase dimensions. 
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b+ d 


4- Сһеск Punching Shear. 



а+ d = 0.30+ 0.48= 0.78 m 
b + d = 0.80+ 0.48= 1.28m 
* Calculate Punching Force. (Qp) 

Qp= Pu.L.- ( Fact . ) [(a+et)(b + ci)] 

Qp= 2850 - 240.7 [0.7fl* 1.28 ] =2609.7 kN 


* Calculate Punching shear ar ea. (Ap) 

Ap = ^_2(GL+d)+2 (b + d)~^* 

d 

Ap = [2(300 + 480 )+ 2(800 + 480 )]* 480 
Ap = 1977600 mm 2 
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* Calculate Actual Рипсһгпд shear stress . Vpu 

a _ Qp 




\_2{a+d)+2(b+d)\* di 
q _ 2609/7 * 10* _ 1 319 


1977600 


N/mrn 


* Calculate allowable Punching shear stress . Ч 


Pcu 


aJI J ^јј ^ (J-dVt $JI 


%cu= 0.8 (^ + 0.2) 


OL =4 Interior Col 


b 0 =• 2(a+d)+2 (b + d) 

= 2(300 + 480 )+ 2(800 + 480) = 4120 mm 

= 0.8 ( İ2M + 0.Z) Ш = 2 38 N/ ~ 


mm 



a 

Чрси- 0.316 (0.5+-^) \j 

{N/mrn) 


Ci — 0.30 m , b — 0.80m 


% си = 0.316 (0.5+ = 1.236 N/mrn 
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( N/mm ) 


Урс U= 0.316 = 1.41 N/ 


2 

тт 



( N/mm ) 


-übLJI ,^3 gjtfl Zy> J3VI «ujUI .iiAj 




Q > Q 

> UnSafe vunching shear. 

'Ipu ^ ^Рси 

We hav e to increase dirnensions. 


Take 
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Сһеск Punching Shear again. 



0.58\2 0.58\2 


Г“1 


Г“1 


m i i 

0.30 

T 

1 

oo 

U 

m 

i 

1 

1 

lo 

cS 

+ 

-! L 

И 


o 

CQ 

0.58 


| 

O 

2 L__ 


1 


0.30+0.58 



+ 0.58 = 0.88 m 



b + d = 0.80+ 0.58= 1.38 m 

* Caloulate Punching Force. (Qp) 

Qp= Pu.L.~ ( Fact ) [(a+d)(b+d)] 

Qp= 2850 - 240.7 [ 0.88 * 1.38~\ =2557.7 kN 


* Caloulate Punching shear area. (Ap) 

Ap = ^_2(a+d)+2 (b + d)] * dL 

A p = [ 2(300+580 )+2(в00+5в0 )]*5в0 
A p = 2621600 rnrn 2 




* Caloulate Actual Punching shear stress. 


%u = 


Qp 

\_2(a+d)+2(b+d)~\* d, 



O - 2557.7 *10 3 

*pu— 

2621600 


— 0.975 N/mrn 
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* Calculate allowable Рипсһгпд shear stress. Qpcu 

5 0 = 2(a+d)+2 (b+d) 

= 2(300+580 )+ 2(800 + 580) = 4520 mm 



Урси = 0.8 ( + 0.2) \jjj =2.55 N/mrri 


2 



( N/mm ) 


Чрси= 0.316 (0.5+j-^) \jj2- = 1.236 N/mrri 


30 



( N/mm ) 


Qp cu = 0.316 \Јү y — 1 .41 N/rnrrt 



(N/mm) 


«üüLJI fj3 gjtfl <> JStf! ‘Uoll! јјД; 




n 

w Safe punchinq shear. 

*pu J-pcu 

No need to increase dimensions адагп. 
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5— Reinforcement of the Footing. 



M п act. 






■ 




3200 


3700 



II 


3. 70 


1.45 


M j act. — (F t act. *Z * B R . C ) 

= (240.7* 1.45 * 3.20 ) 
— 809. 7 kN.rn 

J= 0.826 

Д _ Mlaçt. _ 809. 7*_10_ 


1.45 



в 


J F d 0.826* 400 * 580 


3. 70 


— 4225.28 mm 


Л 2 As 4225.28 . оол . 2, \ 

A s (mrn/m) = = q on — - 1320.4 mm/m 

&R.C. 

Сһеск A 


Smin 


. c 1.5 d = 1.5*580 = 870 

" &min ~ ; 

L 5<ff> 12/m> = 565 

" ^Smin ► O.k . 

A s = 1320.0 


870 mm 


2 

mm 
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1.45 


M п act. — (F act. *Z * L R , C .) 


= {240.7* 1.45*3.70 ) 


— 936.2 kN.m 



J = 0.826 


A.= 


M п act. 

JFyd 


936.2*10 


3.70 


0.826 * 400 * 580 


= 4885. 4 mm 


A 


S (mm/m ) — 


A s 4885.4 2. ч 

— 1320.3 mm/m 


B 


R.C. 


3.70 


Check 


A 


Smin 


A 


Srrvin ~~ 


1.5 d = 1.5*580 = 870 
5 <ff> 1Z/m> = 565 


A s A 


mvn 


> o.k. 


870 mm 


A*= 1320.3 


2 

mm 
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6— Details of Reinforcement. 





3.70 

4.30 
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Important Notes. 


• 4.4 L& «. jl 


сһеск shear Јл& «JL>- <>9 


d 


( ј^олЈ! iy> ^ <iL*jw> Jltjü jjJI ) criücal section Л <jy~ * j 


(j^xs <jJL qj 5İ5 V <oli A^iwaJI ojlc-LäJI ^jL>> 


Q s/ =Q U * l * 1 .Om 


Qsn =Zero 



сһеск punching <JU. - Y 


( JjAfiJt ^ 


^ AİL* 
2 


*JJI ) criücal section Л j 


A p = 2y*d 

Qp— Pu. L.— ( Fact . ) [ * ] 



d) JL>o ^jJI јЛ JaAİ ı_JüUJ! 



u* 

X=a+d 


oJlc-ULJI ^јх. JL*aj& <-;JLc> 
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<äLo Ј1 ojldUJI check shear JS' Cxl J j lil -Г 

./ 


No need to check shear 



4^>ч1аЈ) ojl^IDI check рипсһгпд JS' Caxi* Ш 


İVo neeci to check рипсһгпд 
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Design of Isolated Footing subjected to 
Moment and Normal M & P 


'• 1 Ллл OjLC- uljLwjf yA ÜLfr jJJ jJ^ 

• (Fixed, Frames Jl ^ ojl»£.V! Jl») . *>c. 



• OJ^ÜUI C.G. «> <jLwJbO jjJLc. J^rOxJI < jJx- jjJ3 A-eSİJ <^SLSİ 6 jsJ J j — Y 



C. C. 


м=н*у 



‘CLaxS İJ (jJLit јЈх^З j j UJr, Hinged* jl&U j -V* 
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(Center of Mass Ji ) JLa^^LI C.M. Ј1 -t 

• {Уу^ ^ eccentricity олсШЈ c. G. У 



r=v 1 + v 2 


Mx =R * 2д; 


Л/у -i? * 2y 
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Types of moments on Footings. 


• dLtl^ÄJI ^ јЗјЗ «jt üS^J\ <> ı^JI r ^>cJI gjpf 

/- Permanent Moment • «usIjJI ^jx-ll 

Gravity loads & Dead loads Jio «usUl ^ 4лзЫ1 ^yJI ^ 

• oUöVI J jIJlUI <x>tt ^ J 

. moment J| ö Uol в <JL« ö j^lil! ^ UsUJI 3 


2- Temporary Moment > «usb j^JI ojaKiJI ^jxJI 

Ji* o jf f JuJl JLcl^^I A-söbJI fjj-cJI <jJb J 

L.L. , Wind load & Earthquake loads. 


• Aju Ij «L< Lsib ^Sll j OT* ^ ^ ö L»o ^ I o jjAXlLe jj_C ^lA j 

— » ^jLmU OÜX-İJÜ 1 1 <,,v< O JLC ÜJ 1 |<iı >xı > |AJü j 



© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. ShdlloW Ft UtldutİOtlS 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) Fage ЈУо. оЗ 


1—Design of isolated Footings sübjected to permanent moment . 

* oL>o' I j JİJLİJ) <jjL 3 j )xJ JS <JLvaAjuJI JL^IyLlI 


• moment Jl HiJV dJi j moment Ј1 oUol в <iLa-o o dəlili 

d£>lyUI JLp»j3 

t-ud»5 <JJİİ! ^JL Normal stress) 

• Ojlll ( jİ£. ( Tension) jlÜ, Јла ^jlc. ^ ^ 



OvJLc-ÜÜ I J |*1) |*J Ш 




M 



B.M. Jl ^ı5[fc ojlc-UUI <JU. 



M 2 =P* e |*j-c. p Ј-алЗ 

в J *L««Ll3 bıi>l lil Ml J 

r > <dli* ^ <>ü M 2 = M 1 

JoÜ J л£^о J 

( Normal stress) F=-— ОЈ^ J 

A 

compression *J& stress Jl ^л^еиА 
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oL?ol qa 


% 



JL>> 


U-o M з PoUol Reactions UJr. л^јј ^1 ojl^UJI _ f 

(в) JUL-u* B.M.D. Л ^ Moment Л «j^lill Ј^јЗ 

<>U uniform stress J^J 


. r Ar 



p 



1 

1 

1 


C.G. 


Б.Л/.Л. 


//////// 


t 


1Л/ С . £ - Zero ••• Af- P(e) = Zero 



Lc-o M з P з X oL>öl Reactions U>ılr- ^lII ojlcUUI - < > 

(8) <iL^o B.M.D. Jl Moment Jl «Uol u-*5Ic oj^UUI J*.j3 



<jjil! t>U uniform stress 



X(t,+t 2 )+M-P(e) = 



Zero 


ç>_ X(tı+t 2 )+M 

P 
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• (jJaLşÖ ly> 


2 X & &y Moment J| 0 A*. 0 .ir.läJI Ј^јЗ -ı. 








• J j^lcJ (Ј*1лЈ j öJLfr i 4*oLb <iö jäjU 

4 -oU 

* fjuJI çjJj ал* J Moment Jl oUo! ej^UUI Ј^јЗ ^ 
* ji*> (jjLoj öJl^LLII C. C. ^ 4jSUiI) Moment Л 




• idi P (jJLt ovic-liUI 


1*^ f% f 3 
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Example. 


It is required to design a rectangular Footing to 
Support a R.C c oluran of thickness ( 40*70 ) cm. 

The column working load is 1 500 kN 

A 

and permanent moment j Mx= 450 kN.m Г 1 Шот 


450 kN.m 



600 kN.m 

► 


0.40 


and permanent moment — ► My= 600 kN.m t 

0 . 70 ^ 

The allowable net bearing capacity in the Footing site is 


1 50 kN/m 2 . (F cu = 25 N/mm' , F^= 360 N/mm 2 ). 
and draw details of RFT. to scale 1:50 


Solution. 

Data given. C oluran diraensions ( 400*700 ) mm 

( working ) =1500 kN f o{ (u.l.) = 1500 *1 .5 = 225 0 kN 

Mx= 450 kN.m My= 600 kN.m 

Bearing capacity of the soil = 4all= 150 kN/m 2 

Ғ сг = 25 N/mm 2 Fy— 360 N/mm 2 

permanent moment 
OJLC’LäJI ^ OJL&LjJI ^JL C |A^jxJI jjjtj *LcJV 

e x =Mz. = §22. = о.зо m 

p 1500 

e y = Му = 222. = o.40 m 

y p 1500 
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moment J! u .Xr. 0 jlc.UUI jüx. 
moment Jl j£h ,UJI | ^Lu*, 
^Luie ^ stresses J! ^JlılL ^ 
urıiforrn stresses ^ o^5ü 
• «ÜbL-JI ;.LJL öJLCİİÜI јЛуТ) 



/— Calculate the Footing area (Width & Length of R.C. Fooüng .) 
Choose t P C = 30 cm 20 cm 

L -B = b- a =0.70-0.40= 0.30 m 

P.C. P.C. 

L r .cr B ,.c. + ° so ™ -0 

/4 Pw 1500 UcN) 2 

Ap c — ~n — ■= trr, ,, ,г/ <> = 10.0 m 

P ' C ' 4.all 150 (kN/m) 

Apc. =B P ' C *Lp C '= 10.0 rn (^) 

Bp.c. * Lpc. = В Р .с* (B M + 0.30) = 10.0 rn 

B p.c. = 3.01 ^ 


B P'C . = 3.10 w 


L P'C. = 3.40 w 



Br.c.= 2.50 m 


Lr.c. = 2.80 rn 
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0.30 


Zl=2.8-1.4 +0.3—0.33 — 1 .35 тп 
Zn=2.5-1. 25+0.4-0.2 = 1.45m 



2.50 } 


0.40 


1.40— '—1.40 — 
2.80 


2— Design the critical sections For moment. (Depth of R.C. Footing.) 
— Actual Normal stress on R.C. Footing ( U.L .) 

Pu.l. 2250 


Fact = — 

B RX * L AC . 2.50*2.80 

Direction I 


= 321.4 kN/m 

0.30 


Zı= — 2° + 0.30- = 1.35m 


Force = Stress *Area 
Force = Fact. *Zı *B R C 

= 321.4* 1.35* 2.50 = 1084.7 kN 
moment = Force * Distance 



2.50 


1.40— 1.40 
2.80 


Ni act. — (F ı act. *Zı* B R . C . ) ^ 


= {321 .4* 1.35 * 2.50 ) 1 -^- =732.2 kN.m 
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732.2 kN.m. 




v di =С 1 


\ / Mj 

Choose Cı = 5.0 

^Ғ м *һ 



Л di = 5.0 \/ 732 2*10* = 541.2 mm 

25 *2500 


Direction II 





Z n = +0.40- — = 1.45m Г 
2 2 


Force = Stress *Area 
Force = Fact. * Zji *B R C 

= 321.4* 1.45 * 2.80 = 1304.9 kN 


- 0.40 


moment = Force * Distance 
M п act. — {Fact. *Zn* B R . C ) 

= {321.4* 1.45 * 2.80 ) =946.05 kN.m 
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t 



2800 



V d II = СЛ I MlIaot Choose Cı= 5.0 

ч Fcu*b 

Л du = 5.0 \l 94605 • 10 ~ 6 = 581 .2mm 

V 25*2800 

Таке d The Ыддег of dı&dn =581.2mm 
t R.c. - d + 70 mm - 581.2 +70 = 651.2 mm 


t 


r.c. = 700 mm 


d = 630 mm 
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3- Сһеск Shear. 

CL + d — 0.40+ 0.63= 1.03rn 
b + d — 0.70+ 0.63= 1.33 m 


2.80 


*Critical section For Shear. 
Take l The Ыддег of Ij&ln 



1.33 

Critical 

section 




Shear 

Force 


Fact. 


*Actual shear Force. (QJ For 1.0 m 
Q u = Fact. *l * 1 .0 m — 321.4 * / .1 3 */ .Om = 363.2 kN 


* Calculate Actual shear stress. Ш 


Чи = 


- -Sı- - 3g3J? * 0.576 

b*d ıooo*630 2 

N/mm 


* Allowable shear stress. <9~) 



% „ - 


cu 


= 0.16 \ = 0.653 N/mm 

v 1.5 



Saf e shear stresses 
No need to increase dimensions. 
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4— Сһеск Punching Shear. 



2.50 



CL + d = 0.40+ 0.63= 1.03т 


b + d — 0.70+ 0.63= 1.33m 
* Calculate Punching Force. (Qp) 

Qp= Pu.L.- ( Fact . ) [(a+et)(b + ci)] 

Qp= 2250 - 321.4 [ 1.03 * 1.33 ] = 1809.7 kN 


* Calculate Punching shear ar ea. (Ap) 

Ap = ^2(a+d)+2 (b + d)~^* 

Ap = 12(400 + 630 )+ 2 ( 700 + 630 )]*630 
Ap = 2973600 mm 2 



© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Shdllow FoUTldcitİons 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) Page ЈУо. УЈ 


* Calculate Actual Punching shear stress . Чри 

a _ Qp 


\_2(a+d)+2(b+d)~\* di 

q 1809.7* 1 0 3 — 0.608 N/mm 2 
2973600 

* Calculate allowable Punching shear stress . 9^ 

* <JbJi J5V! <^aiUI jl>Aj 


cu 



OL = 4 Interior Col 


b Q = 2(a+d) + 2 (b+d) =2 ( 400 + 630) +2 (700 + 630) = 4720 mm 

4pc U = 0.8 ( + 0.3 ) = 239 ЛГ /rrtm* 




a 

9j>ou- 0.316 (0.5+^-) \j 

2 Г 

{N/rrvrrx ) 5 

L 

'ШШ, 


CL =0.40 m, b =0.70 


m 


Урси= 0.316 {0.5+ V'TJ = *- 5S N/rrvnx 


0.3/e \/^ = 0.3 /e \/ — = 1 .29 N/mrr? 


1.5 


^Рем— 1.60 


( N/rrxrrx ) 


Çpoxt— 1 * 29 N/rrvnx 


. ч -LLJ! ^ £jVI <> JiV! ч^ЈЈ! 


9pu — 0*608 N/rrvrrx 



Saf e punching shear. 

No rxeed to increase dimerxsiorxs. 
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5— Reinforcement of the Footing. 


ä. T II act. 


шшш 

жШШ 

шш 

İr. с. 

'ШЖШ 

тШж 






2500 


Direction I 


2800 



2.80 


Mı act. — (F act. *Zı* B R . C ) ^ 

= {321.4* 1.35* 2.50 ) 


= 732.2 kN.m 
J= 0.826 

A*= Ml act 


1.35 



2.80 


6 


732.2*10 


A 


J F y d 


S (mm/m ) — 


0.826 * 360 * 630 


— 3908.5 mm 


A 


Check 


A 


'R.C. 


3908.5 

2.50 


— 1563.4 mrn/rn 


Smin 


1.5d = 1.5*630 = 945 


Srrvin ~ 


A__ 

5<ff> 12/m) = 565 

** As^^Asmin ► o.k. 

1563.4 


945 mm 


2 

mm 
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Direction II 

M п act. — (F t act. * Zn * B R .c) 

= (321.4* 1.45*2.80 ) 


1.45 


= 946.05 kN.ra 


2.80 



J = 0.826 

A M 


н act. 


A 


JF y d 


S (mm/m ) = 


946.05 *U) 
0.826 * 360 * 630 


= 5050 mm 


A 




в 


R.C. 


5050 2 У x 

— 1803.6 mm/m 
2.80 x 


Check Д 


Smin 


A 


Smin ~~ 


1.5 d = 1.5*630 = 945 
5<fl> 12 /m) = 565.5 


л A S >A 


тгп 


> o.k. 


945mm 


Aq= 1803.6 


2 

mm 
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6— Details of Reinforcement. 
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2 -Design of isolated Footings subjected to temporary moment 

* jjlc. j 0j4xjL« fjjxJ Чы^јХмоЛ <JUxaıJI d^lyJI ✓>*> 


Jlo ojjjiaJI ^ rJ >JI 

L. L. , Wind load 
Sc Earthquake loads. 



Case of single moment. 


ojl&UÜI ^Izvariable jl^Ij <s* 


O ^ oL> 3 \ 

UJLpo 0 JLC-liU I jlxüf 9 j 

moment Jl oUoV ojl£,LLU јп*ГЈ 1 



• <jjILİ I ^JLc- Cl) Jülc- |»jxJ I jjjii vii'-Jj J 

^ P , му 


p _ p му 

2 A I 


(+ Ve ) ► Compression stress. 

(— Fe) ► Terısion stress. 
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/9 j L öjLfrUJ jLcü jU^I i*!) ^ 




Fı < Allowable bearing capacity Q. a ıı 




F2 Zero ^ ^ ^ 

İVo Tension on soil. 

F2- ү 

flıJjX'ljt' ^ jJ ■’ ı< \f> ^^SlJ 



to avoid tilting of the Footing. 



T ı — F — ?) — a Jöj-Sjı (jJx> joiAoJi 
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Steps of design Footing subjected to M ,P 


For rectarıgular Footing. 

uyj oJlc-UUI jLc^İ J j 

moment Л öUo^ öJl£.UüL) jjuSlJI ^j-cJI 



i4rea o/ <Ле Footing = A= B*L 
Moment of Inertia For the Footing = 

Stresses on soil. 


I = B*L 

12 


3 


• • 



A.B.L 


т B.L 3 


у- 4 


12 


2 


л F -P- 

B*L 


+ 


M* L\2 
B.L \12 


• • 



oJLc-ÜÜI Jülc- 
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1 — Calculate the Footing area, (Width Sc Length of R.C. Footing.) 


IF t P . C ' > 20 cm 


get Bp,c. > L p.c. 


From 


L - В в = b-a 

P.C. P.C. 


-0 Bp.C. 9 L P.C. 


Actual Normal stress on soil =■ Bearing Capacity of soiL 


Д- 


N 6 M 




P.C. ~P.C. 


D т 2 
^Р.С* ^ P.C. 


= ^all — 0 Вр.с. 9 L p.c. 


B P.C. 9 I P.C. JüJləC' j јЈл. *!L 




Сһеск . 


jp N 6 M ч. „ 

1 * 2 = — Zero 

B or *L Br B Br *Ll r 

P.C. P.C. P.C. P.C. 

• <jjäII tension ıilli* 



IF Fz< Zero - — > • «UjäII 1 _Дс. tension 
Increase B P . C . > L p.c. 


F 2 

Fı 
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IF t P C < 20 c m 


9 et B R . C . , L R .c. Ғтот 


L -B B =b- a 

R.C. R.C. 


B R.c. У Lr.C. 


Actual Normal stress on soil =r Bearing Capacity of soil 


Ff= 


N + 6М 




R» C. R. C u 


р т 2 

R.C * ^Р.С. 


= *all — (ğ) Br.c. > Lr'C. 


Br,C. > L R.C. Q* İİL^ 4-ллЗ Jjiaö j јЈјЛАА jjlljLc -в Ja. çZı 





Сһеск . 


F,- 


N 


6M 


hi + 1 j 

R.C. R.C. 


Д, _ * L _ _ 

R.C. R.C. 


> Zero Ғг 


ртШГ 


1 


«ljjäII tension lilli* V ji*. 


IF Ғг <Г Zero - — ► • ^ tension 

Increase B R C . > Lrx. 


F z 




Fı 
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2— Design the critical secüons For moment. ( Depth of R.C. Footing.) 

The actual ultimate limits stresses on R.C . concrete. 



Direction I 




(m) 


Calculate F3 üHHJI 




-Zı 



*(Ғ-Ғг)+ Fz 
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Get the average stress Ff aVt 


L R.c; 



Force= Stress *Area 
Force = F 1aV ' * Zı *В ЛС . 


Moment 




M-l act. — {F t aV ' * Zı * B R . C ) 


( kN.m. / B) 


▲ Mı act. 





(mm) — 


\l Aflact. OcN.m) * 1 
V Fcu ( N/mm ) * Bn. c (mm) 


Choose С 1 = (3.5 -+ 5.0) Get dj = (mm) 


Take C OV ev — 70 mm 

tlfi ç — dil + COVeV ( 70 mm) 0 JL 3 JL f* ö* *_> 
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Direction II 



(m) 


Get the average stress av . 



Force= Stress* Area 
Force = F2av.* z n*L R .c. 
Moment — Force * Distance 



M п act (Fi 


2 av. 


* 


Zii*Lr . c .) -^ 7 


(kN.m. /L) 

s«mmm 


A Мпасһ 



İr.c. 


R.C. 



du (mm)= C, \ 1 Дзс * 10 Choose c t = (3.5- 5.0) 

v Fcu*L K . c . 1 

Get C İ,u = y/Y' <mm) Take COVer = 70 mm 
W/d p — dll+ COVer (70 mm) «jUjJl; 0- V-> 2i 
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3- Сһеск Shear. 


Lr.c. 


* Calculate 



(m) 


* Calculate the shear stress at 




UcN) 



* Calculate Actual shear stress . <9») 


9u = 


_ Qu 


b*d 


n Q u ucm*ıo 3 

lu — 


/ 000 irnm) * Cİ (mm) 


{N /ram ) 
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*lft. 


* Calculate Allowable shear stress. (Qsu) 



( N/mm ) 


* Compare between 


Actual shear stress 


(q u ) Sc Allowable shear stress (Q^) 


*IF q u < 

*if Ч и > 4su 


Safe shear stresses 

No need to increase dimensions. 

UnSafe shear stresses 

We have to increase dimensions. 


IF UnSafe shear stresses increase t^c.hylOOmm 


then ReCheck: 


Actual shear stress 


(qj & Allowable shear stress (Q^) 
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4— Сһеск Punching Shear. 




The concrete area which resist punching shear. 

* I Q*a3dJ «LojÜLaJ I «L>>La*jlo чЛј Jl»o 

<İLum (jlc J јллЈЈј Japo ituxı (jx. öjLlC- ^jaJi |4JaUI 

2 


d\2 d\2 


мг< Ж~у\ 


U 


г 



■e 

+ 

lO 


«M İ. İJ 

L — a+c£-~' 


d 

2 


a 


d 

2 


1 

м 

г 

L^d— j ı— < 

ГГТТТТл м 

", i, A 


Get the average stress F^av. 


2 av. 


jp Fı + Fz 

*2av.= * 

Ço J 

2 

41 


* Calculate Punching Force. ( Qp ) 



(ллг) 



* Calculate Punching shear area. (Ap) 

-Lu^woJI I 



(mm) 
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* Calculate Actual Punching shear stress . %u 

n Punching For c e 



Punching area 




Qp (km *10 3 


[_2(a+d)+2(b+dy]*Gİ 


( N/mm ) 


* Calculate allowable Punching shear stress . Qpcu 

* 4oJljJI VI Jj^i <4uäJI 



(X = 4 Interior Col 
0L = 3 Edge Col 
CL=2 Comer Col 



a 


punching Ы ы Јл}\ j* 5 


* Г 

( N/mm ) 0 


J^A£yU joL» J! JA CL 




(N/mm ) 


(N/mm ) 


* Compare between 


Actual punching shear stress (Qmı) SC AUowable punching shear stress (<JL~,) 




*7F 


«U< 9 İ 


l Pcu 


S'a/e punching shear. 

No need to increase dirnensions. 


*IF 9pu > %cu ► UnSafe ■punching shear. 

We hav e to increase dirnensions . 
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5— Reinforcement of the Footing. 


1 1 

i 



From Step (§) We Choose — (3.5 
From Cf G e - ► e/ 


5 . 0 ) 


Get 



2 

( mm ) 





ШттбШш 





л.с. 


Br.c. 


Check 


S min 


a г 1.5 di (mm) 

(mrn/m ) = ) 

C 5$ 12/m' 


IF Asi ^/As m in ► O.fc. 

► Tdke ^4g =■ -^S m xn 
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Sec. II 


From Step (ğ) We Choose С 1 — (3.5-^5.0) 
From Cı ** в - ► J 


Get 




m ii wv v« 

ШЈШ 

шжШж 







L r.c : 


j 


Сһеск 


Smin 


a c 1.5 di (ram) 

" Smin ( mrn/m ) — ] fjffVı 

C. 5<ft> /2/m' 


/ғ Аотт^>.Ао 

ö ii o тгп 




тгп 


> o.fc. 


> Таке 


А» = А 


S тг 


тгп 


<İö^JU 


L-B= b-a 


Jöj^yi <JL>. jji 


ol o g uLoa> (jSuoaJI (^в ^UUL J flgt Aili OLCt . 

B L 

A si = A S JI o^-äj VI 0U0 I j JöU jls-Ij 
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6— Details of Reinforcement. 
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Example. 


It is required to design a rectangular Footing to 
Support a R.C c oluran of thickness ( 40*70 ) cm. 

The colurnn working load is 1 500 kN 
and temporary moment - 


г 


My= 400 kN.m 


v 1500 kN 

ШУб&А (Sm 



400 kN.m 


>— 0 . 70— 1 

The allowable net bearing capacity in the Footing site is 


150 kN/m 2 . (F cu = 25 N/mm 2 , = 360 N/rnrn 2 ). 
and draw details of RFT. to scale 1:50 


Solution. 

Data given. Colurnn dimensions (.400*700) mm 
P o (working) - 1500 kN * £ №■)= 1 500 *1 .5 = 2250 kN 

My= 400 kN.m My (U.L.) =400*1 .5 = 600 kN.m 

Bearing capacity of the soil = 4all = 130 kN/m 2 

F cx = 25 N/mm 2 f ■= 360 N/mm 2 


1 — Calculate the Footing area(Width Sc Length of R.C. Footing.) 

Choose t p = 30 cm ^ 20 cm 

L -B = b-CL =0.70-0.40= 0.30 m 
P.C. P.c. 

L ,.c= B r.c. + 0 - 30m -® 
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Actual Normal stress on soil = Bearing Capacity of soiL 

p . 6 u Q 


F,- 


Jj- _ *L „ _ 
P.C. P.C. 


+ 


z 

'P.C.* "P.C. 


Ввг» L 


all — ф 


1500 


B P.C* ^ р.с. 


+ = 150— (i) 


1500 


В Р.С. * L p.c. 


+ 


6*400 


= 150 


B P.c. * (Bp.c. + 0 . 30 ) B p c _ * (В лс _ + о.зо) 


B P.C. = 3.607 m 


B p m c. = 3.70 ғп 


Lp.c.= 4.0 7п 



Br.c. = 3.10 7П 


Lr.c. = 3.40 тп 


Check . 


Fi = 


6M 


ғ,= 


Bp.C.'Lp.c. Bpc* Lpc. 

1500 6*400 


< 4*ıc 150 


■h 


3.70* 4.0 3.70*(4.0) 

Fr- p - 6M 


j — 1 41 .9 kN/m‘ 


B„„*L 


Bp.c* L L. 


P.C. P.C. 


> Zero 


ғ*- 


1500 


6*400 


3.70* 4.0 3.70* (4.0) 


< %ll 


~2 — 60.81 kN/m 2 

> Zero \oJc 
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2 — Design the critical sections For moment ( Depth of R.C. Foottng.) 
The actual ultimate Limits stresses on R.C. concrete. 




2250 

+ 

3 . 10 * 3.40 


6*600 

3. 10 *( 3 . 40 ) 


— 31 3.9 kN/m 2 


ғ,= 


U.L. 


6M> 


U.L. 




■Bor* R Г Вш r* W P 

litU iiıU iitl/ı 

2250 6*600 


3 . 10 * 3.40 


— 1 1 3.0 kN/rn 2 


3 . 10 * 3.40 

p — 3.40 





3.10 



© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. ShdlloW Ft UtldutİOtlS 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) rage ЈУо. 115 


Direction I 




Zj= 


L RC .-b 


Z I= 3.40-0.70 = 1 35 

2 


3.10 


m 


113.0 



ғ 3 = 


__ Lr.c.—Zi 


ғ 3 -234.1 313 ' 9 


Lr.c. 


* (Fı-F 2 )+ F 2 


Ғз = 3 40 35 * ( 313.9-113.0 ) +113.0 =234.1 kN/m* 

3.40 

- 3.40 


lav. — 


F 1 + F 3 


Flav — ^ ^ — 274,0 kN/rn 2 

2 



3.10 


moment — Force ♦ Distance 
Miact.=(Ff aV '* Zı *B R .c .) 


m 

234 


Flav, - 274 


M Iac t.= (274.0* 1.35 * 3.10 ) '-FL = 774 ,0 kN.m 
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Choose Cı — 5.0 



= 5.0 


774 ^ 0 * / 0 * 
25 *3100 


= 499.6 mm 


Direction II 


p 3.40 



jp F t + Fg 

*2av. = „ 


113.0 


F 2av = 3139 + 113-0 = 213.4 kN/m‘ 

2 



313.9 


M п act.— (F2 av* ^ 11 * 

M nac t. =(21 3.4* 1.35 * 3.40 ) ^ = 66/./ kN.m 

& 
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661 . / kN.m. 



Choose Cı = 5.0 


d = 5.0 


Ы_1 İ2İ = 440.9 mm 
25 *3400 


t д.с. = d + 70 mm =■ 499.6 +70 = 569.6 mm 


t 


R.c. = 600 mm 


(ji = 530 mm 


3- Check Shear. 


*Critical section For Shear. 

ı = s '-f 

l = 1.35-^^ = 1.08 m 

2 

* Calculate the shear stress at 
critical section. 


113.0 

Ғ 4 =250.1 зЈзд 

Ғф = c 40-1 08 * ( 313.9-113.0 ) +113.0=250.1 kN/m* 

3.40 
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Get the average stress Ғ 3ал1 


3av.~ 


F1 + F4 


T “ “ " Г Critical 
section 

Ü ■ 1.08 

2 


AAAA 


F 3av = 313.9+ 250.1 = 282.0 kN/m* 

2 


Shear 
For c e 


1 


* Calculate Actual shear Force. 

ftı =F 3<w f 1. 1.0 m -282.0. I.oa, 1.0 m-304.se kN 


* Calculate Actual shear stress . (9„> 


a - Qu _ 304.56. to 3 

— — 


b*d 


= 0.574 

1000*530 г 

N/mm 


* Allowable shear stress. «u 






Fcu 


= 0.16 \ = 0.653 N/mm 

v 1.5 



Safe shear stresses 

N 0 need to increase d/irnensions. 
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4— Сһеск Punching Shear. 



а+ d = 0.40+ 0.53= 0.93 m 
Һ + d = 0.70+ 0.53= 1.23 m 
* Calculate Punching Force. (Q P ) 

Qp=Pu.l.~ (Ғг а у) [(a + d)(b+d)] 

Q p = 2250- 213.4 \_0.93 * 1.23 ] =2005.9 kN 


* Calculate Punching shear ar ea. {Ap) 

Ap ^_2 {cl+ d)+ 2 {b + d)~^* 

Лр = [2(400 + 530 )+ 2 ( 700 + 530 )]*530 
Ap — 2289600 mm Z 
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* Calculate Actual Punching shear stress . Чри 

a _ Qp 

iDu- 


g £005.9« /O 3 e 0.576 ЛГ /mm* 

2289600 

* Calculate allowable Punching shear stress . 9^ 

* -SJUÜI <j-e «с«а£Ј1 


cu 



OL = 4 Interior Col 


b Q = 2(a+d) + 2 (b+d) =2 ( 400 + 530) +2 (700 + 530) = 4320 mm 

9?cu= 0.5 ( + O.*) \lff = 2 - 25 N/vrvrn 

4320 ' v 7 -° 



a 


(N /тпгг) 


(X — 0.40 m , b =0.70 



m 


Урси= 0.316 (0.5+ \\-f-' J = 1-38 N/mrrl 


0.3/e \/^ = 0.3 /e \/ — = 1 .29 N/mm 


1.5 


^Рсм— 1.60 


İN /mm ) 


Qp cu — 1 »29 

N/mrn 


У Ри = 0.876 

N/mm? 


. «JbL-JI ^ ÖJ VI ,> JSVI -uJJI äi.ti 


Q <^С/ 

^ Safe 'p'u/nchina 

shear. 

V ^ ^Pcu 

No need to increase 

dimensions. 
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5_ Reinforcement of the Footing. 


A Ifaci. 


ии 

m 

u — 3.1 

oo — ^ 


'R.C. 


- 3.40 


A^IIact, 



3400 


Т7/ 


r 


~L 

3.10 

~I1 


r 


3.40 



J = 0.826 


A*= Ml act 




] 



0.40ГМ—1 

3.1 

|ö.7İ?5j 


шјјј 

■ 


774.0*10 


JF y d 


0.826*360*530 


= 4911.1 mm 


A 


A 


4911.1 


2 лЛ fiJI I . I „ 2, \ 

s (mm/m) = -р, — = 0 = 1584.2 mm/m 


Check A 


В в .с. 3.10 


A 


Srnin 

г 1.5 d = 1.5*530 = 795 
Srnin =1 i. 795mni 

L 5$ 12/m' = 565.5 




rmn 


> o.fc. 




1584.2 mm 
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3.40 



Ј = 0.826 



_ II act. 


661.1 *10 


A 


JFyd 


S ( mm/m ) — 


0.826 * 360 * 530 


= 4194.7 mm 


A 


s 




4 1 94. 7 o o -2 / \ 
д — 1233.7 mm/m 


Check 


A 


Smin 


A 


Smin ~ 


1.5 d = 1.5*530 = 795 
5<fl> 12/rm) = 565.5 


795 mm 




тгп 


> o.k. 


Ao= 1233.7 


2 

mm 
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6— Details of Reinforcement. 



X 



3.70 
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5} Design of Combined Footings. 


aİ'jİİmJI jLfcl^lll 


JbflUygt) 


^ oj L lc. (Jla ( Combined Footing ) ojl^LLIL 

L&JSLiö yjfuj LJLc- j J ^оХ- 0*4 jJtSİ ^JxL^ö öjjjS' 


• <Xvoİju> o JldLS jjS İ JiJjb Jlld <Sj!Lycbo Лс-1^3 Ј^охЈ ojLc- _ 

jUl« Л> J j^cl c J ^uJUaİl-o 0jj Jl£-LD i?, C. J јУ JüJlpo JuX- 
o J lxİ'v ^Sİcü V Lo J Lc« 4 eİ J ldLD I JLx j* j 

öJLxfj öJlc-UL 1 1 JllLuj ^ L>Jb 



R.C. Isolated Footings R.C. Combined Footing 
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The basic concept to design Combined Footings. 


* I Jlc> I jJJ I (jj+x-pjJ I f JuuoJ I 

JL^V! j5^ jf ^UoLwaaJ! jJl5 J^Uo 


• <ä-LjuoJS oJl^ÜÜ C.G. üjl& UL gJL 
Uniform stresses ^шлЈаилл C> İjU^I *UjjJ! jJU ü& ^L>. 



Plan 


Pi R Pz 

l i l 

C.G. 

OJLC'UUI ,јј5з q\ t 
* öJl&£ VI ^JL*s? V 
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Steps of design of rectangular combined Footing. 


/— Calculate the Footing ar e a. ( Width Sc Length of R.C. Footing.) 



Plan 


R =Pi+P 2 


R jı~*ı <1*0^44 «Ue J uLo» 



X JL«-VI «d 




JuJLao 



R*X=Pı *s 
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jUJ! j^xlcJI jL£cj Ui)Uj QjSi' <— ügo <j>JLuJf oJlc-üLII «İ»Aj 

Ј-агЈ1 <jäu>. <> (0.50m — ►/.Om oLu 
* jjb -Р‘2 J 1 ^ 1 ^JLS^o 



^м. = (X ) + Qz + (0.50 -* 1 .0) m 

2 2 



• • 



Д.С.* 
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Calculate the width of the Footing. B 


IF t P ,c. ^ 20 c m get Bp,c. From 


A - 


R 


w 


= Sm 2 =B 


P.C.*^ P.C. 


all 



IF tpx. <20 cm get B R c From 


A - 


R 


w 


all 



Bp.C = 


— Ş m — B RC *L RC — *. Br.c.= ^ 


2— Design the critical sections For moment. ( Depth of R.C. Footing,) 


Plu.L.= 1‘5*Plw > P2 u.l.=1.5*P 2w > Ru.l.= 1'5*R 


w 


Actual Normal stress on R,C, Footing ( U.L .) . ү,. 


( kN/m ) 




Actual Uniform Load on R.C, Footing ( u.L .) as a beam. ^ 
R R.C. öjlxc. OJLC-UUI JİİÜ 


(kN/m) 
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Drawing U. L. B.M.D. & S.F.D. on all R.C. Footing. 
Longitudinal direction. 


B.M.D. , S.F.D. r*j 

LajUi UJS" oJLtlUJ 

Br.c. 

B.M. > S.F. j 

* Os 2l0i £r ^ J C- 


Д АС , Oj*q£ q£, OjLlC- OJLC-ÜÜI (jt jJLİfj 

■P 1 U.L. P 2 U.L. 

i i 







_L 



R.C. 



апшшшшдш 

'Wu.L. kN/rn 

PlU.L. P2U.L. 


i 


i 


'Wu.L. kN/rn 



Mg v $von ,o moment jl>jlä!Lİ 

^Lo ^LwJuJI ^ f зего shear ^lüo jüJl^ö ^ 
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Get M rnax 

Mmax * 0JLC.UUI 
M rnax the biggest moment of 


moment l U«1%1 

Mı 9 M2 9 Мз 9 M4 9 Ms 




(mm) — 



Мүг шх OcN.tti ♦ 

Fcu İN/rnrn) * B R . c (mm) 


Choose “ (3,5—+5ш0) 
Get Cİ = ✓V' (mm) 


C i J jtüo (jt JLtlyÜl J^aij 

ојлз£ oJxLSJI <jL»o јј^5з 

Rigid влс.УИ1 jUJ 


Га&е СО^вТ 1 — 70 mm 
tli.c. - -j- C OV ev (70 mm) 

öjljJjJÜ 0* V-Jjüj 


jl£.i^ui cover л оД» öt JM» 

• tjUoJI ö 4 <ј1лзЈ 

V и н 
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Сһеск depth in Transverse direction. Short direction. 


As a Hidden Beam. 


(Hidden Beam ) j^clc. ЈА*Л ojlc.UU! 

~f j s|c J У д : n ЈјлсЈ) ^J-SLwjf Lft jlxjf 

Hidden Beam 1 Hidden Beam 2 


Zl 

d I d 


■a, 



Pi U.L. 


Zz 

d \ d 

I— — 1 İ I— I 


Чг 



S { 


u br' 

PZU.L. 




. J 

Lı=bı+2d 


, J 

l>z=bz+2d 


Hidden Beam 1 



( kN/m ) 



(m) 




( kN.rn / I.Om) 


^ М 1 act 
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Choose Mfrigger The Ыддег value of M 1ac ^ Sc M 2a ct. 

d= c< \/ w. г* 

V * 1000 1 

Then Check on Cl 3.0 

IF Cf < 3.0 ► Increase (L 

and Recheck the transverse direction. 
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3— Сһеск Shear. at long direction 


Critical section For Shear . 


Qmax. ödifr (jJJ! di Jlaj 


т 




ч 

r- V- 


S.F.D 


T 


✓ \ 

_l ч _ 




'UJü.L. kN/rn 

4 



9cr - ~ 9ma *' _ * г 

* Calculate Actual shear stress. ((/^) 

a Qor. <ып ♦ ıo a 

im — 


5 (mm) * d (mm) 


<2 f 

( N/mm ) ı 


* Calculate Allowable shear stress . (9^) 




(N/mm ) 


* Compare between 

Actual shear stress (Q u ) & Allowable shear stress (q) 

*IF Чи < Ч аи - ^ Saf e shear stresses 

U \ SU jVo nee( ı fo increa8e dimensions. 

* IF 9 ► UnSafe shear stresses 

W IFe have to increase dimensions. 
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M9- 


4— Сһеск Punching Shear. 


-JIUI 



C o himn 1 

* Calculate Punching Force . (Qıp) 



< :kN ) 


* Calculate Punching shear ar ea. (Aip) 


,.ku..>w<J t 


(Ј*4хЈ1 



2 

(rrım) 


* Calculate Actual Punching shear stress. 9 



/Pu 


Q-1Pu = 


Qip UcN) * / 0 5 


[2(a/*d)-/-£(b/+d)]* d (mm 


£ 

( N/mm ) 
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C o lumn 2 


* Calculate Punching Force. (Фгр) 



( kN ) 

* Calculate Punching shear area. (Дгг>) 

■Lu>wJI 



2 

(mm) 


* Calculate Actual Punching shear stress. q 



q 2PU = 


Q 2 p (kN) *10 3 


\_2(az+d)+2(bz+dy\*di (mm 


2Pu 


£ 

( N/mm ) 


Choose Qf 


Ритах 


the Ыддег value of qı pu & Q 2Pu 
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* Calculate allowable Punching shear stress . V 


Pcu 


AoJtjJI jt 3 V! jjA VI 4*4uİÜI 



CL=4 Interior Col 
0L=3 Edge Col 
CL=2 Comer Col 



a 


punching Ы иЈһчы ^ıll oU>JIİ р* yt 5 


2 f 

( N/mm ) b 


ЈјлсЈЈ јд£*оЈ1 JajtM a 




(N/mm ) 


( N/mm ) 


* Compare between 

The max. Actual punching shear stress (Of 

* * y *pumax 

Allowable punching shear stress (Ç ) 

tr 0>чЛ 


) 


*if q, 


pu max 


<ч 


Pcu 


Saf e punching shear . 

No need to increase dimensions. 


if 9 , 


pu max 


>% 


Pcu 


UnSafe punching shear. 

We have to increase dimensions. 
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5— Reinforcement of the Footing. 


Longitudinal direction. 




As top 

~\ 

^ 







As bottom 




/ 


— ""P" 


м ; 


max Top 


B.M.D 



max bottom 






■ \\л 


Se с.ф 



From d = С 1 \ M max Top 

V ғ * Нт, r, 

1 cu 



Get 



2 

(mm ) 
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Сһеск 


S min 


A 


Smin (mm/m) — 


1.5 (Z (rnm) 

5ф 12/m > 




IF As top / As min 


IF <^i4s min 


> o.k. 


> Таке -^s = -^s 


mvn 



5<ff> 12/rrt <лхјЗ 
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Sec. 



M, 


max bottom 


ҒГ0т d = С 1 \/ Mmax bottom 


Ғси * B R .c. 
Get 





■■I 


U D 




İr. c. 


C \ 


J 


Get 


A 


м. 


S bottom 


max bottom 


J F y d 


2 

(mm ) 


Check A 


Smin 


A 


1.5 d (mm) 


Smin (mm/m) — 


5 § 12 /m' J 




IF A S bottom A § • 


тгп 


> o.k. 


IF A S bottom ^ A , 


тгп 


> Take 


A* = A 


mvn 
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Transverse direction.Short direction. 


Piu.l. 



Check A 


Smin 


јјЈҒ^ 

^ЛГ /oet 


a г 1.5 d (mm) 

" Srtvin (mrn/m) — •] r J" 

i 5 <ff> 12/rrC 


if A S1 

^ ^ S min 

► 

if A s ı 

^ ^Srnin 

► 


► o.k . 


► TqJcq ^ S fnin 
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Hidden Beam 2 


From d = С 1 


м, 


2act. 


Fcu* 1000 

Get 


C 


J 


Get 



( mm/rri ) 



Check A 


Smin 


ШШҺШ јр 

F 2 act. 

^M 2 a ot 


л г Л5 Cİ (mm) 

" Snvin ( mrn/m ) = ■] Г Ј" 

C. 5<ff> 12 /m' 


if A sz 

^ ^ S min 

► 

IF A S 2 

^ ^Smin 

► 


► o. Ar. 


► Take A s 2 


A op — ^ 


S 


ттп 
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6— Details of Reinforcement. 
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6— Details of Reinforcernent. 



Sec X-X 



Plan 
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Example. 


It is required to design Footings to support a R.C. 
column Ci (45 * 7 Ö) cm. and carrying working load 2400 kN and 
colurrm C 2 (45* 50) era. and carrying working load 1800 kN 
the spacing between the C.L. of the two columns is 2.50 rn 

™ 8һлушп Cir^ Сг 05 


0.45 




2.50 


j 


and the allowable net bearing capacity in the Footing site is 

1 50 kN/rn 2 . (F cu = 25 N/rnm 2 , Fy = 360 N/mm 2 ). 
and draw details of RFT. to scale 1:50 


Solution. 

Data given. 

Column Cl dimensions ( 450*700 ) mm 

Рј (working) _ 2400 kN Рј ( u.l ) - 2400 *1.5= 3600 kN 

Column C 2 dimensions ( 450*500 ) mm 

p z (working) - 1800 kN P2 OJ.L) = 1800 * 1 . 5 = 2700 kN 

P (working) = Pl+P2 = 4200 kN 

R(u.l.)— 1.5 * 4200 = 6300 kN 

Bearing capacity of the soil — Ча11~ 130 kN/rn 2 

Ғ сг - 25 N/mm 2 /y- 360 N/mm 2 
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Use Isolated Footing. First. 


1— Calculate the Footing ar ea. ( Width & Length of R.C. Footing.) 
Choose t P C — 30 era 20 era 
Column. C 1 ( 450 * 700 ) mm P ■/ (working) — 2400 fcW 

L -B = b- a = 0.70-0.45 = 0.25 m 

P.C. P.C. 


L P.C.= B P.c. + °- 25 m 


■<D 


л -• 

q 


w 


all 


2400 UcN) 2 

— ~ 7 i - 16.0 m 

150 UcN/m) 


A p c = Bp' C *Lp X ' = 16.0 m (^) 


Bp.c.*L p.c. =Bp.c * ( B PC +0.25 ) = 15,0 m 
B p,c, — 3.87 ^ 


Bp.c.= 3.90 m 


Lp.c.= 4.1 5 m 



B R .c.= 3.30 rn 


Lr.c.= 3.55 m 


Column. C 2 ( 450*500 ) mm P2 (working) = 1 800 kN 

L -B = b - a = 0.50-0.45 = 0.05 m 
p.c. p.c. 

L P.C= B P.C. + ° 0Sm -® 

i /goo (fciV) o 2 

9 all “ T5Ö~İkN/rn) ~ 12,0 m 
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Ap C =Bp X *Lp' C . — 12.0 m ( 

Bp.c*L po. =Вр С * (B P c +0.05) =r 12 .O 


z 

m 


B P .c. = 3.43 m 


B p.c. = 3.50 ^ 


L P'C. — 3.55 ^ 



Br,c. = 2.90 тп 


Lr,c.— 2.95 тп 


- 2.95 

3.55 



- — 2.50 — - 


2.90 




<gJLJI jlc- I jJU I Jl. .Ijg mm) aJLoAjm jlcI јЗ 131 

Combined Footing . oj^U J*aJ IjJ 
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Use Combined, Footing. 


1 - Caleulate the Footing area. ( Width & Length of R.C. Footing.) 

R = 4200 kN 
Pf = 2400 kN 

i * 

+ + 

X 


Рг= 1800 kN 

I 


2.50 


+ 

чЈ 

-J 




Lr-C - = (X)+Qg+(0.50->1.0)m 

2 2 

Һш- =(1.43) + L -^ + 0.75 ► Lr. c .= 4.86 

2 


Lr.c.~ 4.90 m 


Lp.c.= Lr.c.+ 2 tp X .= 4.90+ 2(0.3) - 5.50m 


L P .c. = 5.50m 
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Calculate the width of the Footing. B 


A - 


R 


w 


all 


4200 ot> . 2 

İ5Ö = 28 0 m 


A p r— 28.0 — Bp' C *L P ' C ' — Bp' C * 5.50 — ► Bp_c.= 5.09 тп 


Bp.c. = 5.10 


Bp.c.= 5. 10 m 


L p.c.= 5.50 m 



Br. c .= 4.50 m 


Lr. c .= 4.90 m 



— 1 

5.10 

4.50 

„ 




4.90 

5.50 
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2— Design the critical sections For moment. (Depth of R.C . Footing.) 




Drawing U. L. B.M.D. on all R.C. Footing. Longitudinal direction. 


Point of Zero Shear(X 0 )= r — 2.80 m 


1285.7 
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v3 Ги i I ^ JLlD 


Mmax,- 682 kN.m 






v d=C 1 


M ad, 

Ғси*Һ 



•\ di = 5.0 \ / 1 g = 389.3 mm 

V 25 * 4500 

t R,c. = di + 70 mm = 389.3 +70 = 459.3 mm 
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Сһеск depth in Transverse direction. 


is a Hidden Beam. 


Hidden Beam 1 



Hidden Hidden 

Beam 1 Beam 2 



= 0. 7+2(0 . 93) = 0. 5+ 0. 93 + 0. 77 
- 2.56 m =2,20 m 



Рј U. L. 

Br.c* L 1 


3600 

4.5 * 1 .56 


= 512.8 

kN/m 


M 1act = (512.8 * 2.025 *1.0m ) 
M 1act = 1051.4 kN.m/m 


, 1 ! , 

‘,2.025 

шшһт 

51 2.8 kN/m 


Mı act. 
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Мыддег ҒГОТП & M 2 act. 



чч ДЈЈЈЈЈ|ј|рР ЈЈ 

2 act. 


430 = C t \l * 951 - 4 * 10 * — ► C f = 2.09 <3.0 

25 * 1000 1 ^ 


We have to increase the depth 


Л CÜ = 4.5 \ J051_4_*J_0 5 6 * _ g 22.8 mm 

V 25 * 1000 

t д.с. = di + 70 mm = 922.8 +70= 992.8 mm 
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Recalculate the B.M.For Transverse direction with the new depth . 


Hidden Beam 1 


Hidden 
Beam 1 


Hidden 
Beam 2 




4.50 


3600 


Lı=bı+2d Lz=b2+d+o.77 

= 0.7+2(0.93 ) - 0.5+0.93+0.77 
= 2.56 m = 2.20 m 


4.5*2.56 


— 312.5 kN/m 


М 1 aet = {31 2.5 * 2.025 *1 .Om) 






1.025 



шшнт 

312.5 kN/m 


Hidden Beam 2 


~ Mı act. 


J*2act. — 


2 ü. L. 


2700 


B rc *L Z 4.5*2.20 


- 272.72 

kN/m 


M 2 act.={Z72.72* 2.025*1. Om) 
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З—Сһеск Shear.at long directiorı 
Critical section For Shear. 

Pi = 3600 kN P 2 = 2700 kN 



Wu.L.= 1285.7 kN/nt 





* Calculate Actual shear stress, ( 9 «) 
д и _ Qcr. _ 777.8. 10* _ n lfw 


B *d 


4500 . 930 


kN/rri 


2 


* Allowable shear stress. (4sJ 



Чзи =° 16 


Fcu 


= 0.16 \ = 0.653 N/mrrİ 

v 1.5 



Saf e shear stresses 

No need to increase dirnerısions. 
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4- Сһеск Punchirıg Shear. • <уШ\ 


00 

00 


0 . 7 + 0.93 = 1.63 0 . 5 + 0.93 = 1.43 

*H oo 


II 

oo 

05 

O 

'Ч- 

o 


SfT' 



i, , ҮМШ 


' srr 

! 71 ! 


и 

00 

05 

1 

V 


\Pj = 36ÖÖ a \Рг = 2700 kN 


'i 


4.50 


t 


4.90 


Column 1 


* Calculate Punching Force. (Qıp) 

Qip= 3600- 285.7 ( 1.38*1.63 ) 

= 2957.3 kN 


AlP= \_2 (1 380 ) + 2 (1 630\\* 930 


= 5598600 mrri 


* Calculate Actual Punching shear stress. %Pu X 
q ıpu = 2952 AjlLİ = 0.528 N/mm 2 


5598600 
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C o Iwmn 2 

* Calculate Punching Force. (@2р) 

Q 2P = 2700- 285.7 ( 1.38* *1.43 ) 

= 21 36.2 kN 

A 2V= [2 (1380) + 2 (1430)']* 930 

= 5226600 mrn 


* Calculate Actual Punching shear stress. 4fp u ^ 

q 2Pu = 213± •£* * |>3 = 0.408 N/mm 2 
5226600 





q 


Purnax 


the Ыддег 4ıp u & Чгри = 0.528 N/mm 2 


* Calculate allowable Punching shear stress. 

• «uJhJi 4-<uİUI 


cu 



CL = 4 Interior Col 


bo = 2 ( a+ d) + 2 (b+ d) =2 ( 450 + 930) + 2 ( 700 + 930) = 6020 rnrn 


q P cu= 0.8 ( 4^ + 0.2) m = 267 N/mmi 

6020 v 7,0 
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CL — 0.45 m y b = 0.70 m 



Pcu — 


0.316 ( 0.5+ 


0.45 

0.70 



1.47 N/mrn 


^fpcıı — 0.316 



0.316 



1.29 N/mrn 



( N/mm ) 


• • 


9pcu- 1 »29 N/mrn 


• чЈЫмЈ! 


1*^ ö* jsvı 


Чритах= 0.528 N/mm* 


q </q 

> Saf e vunchina 

shear. 

Чри % ^P cu 

No need to increase 

dimensions. 
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5— Reinforcement of the Footing. 


Longitudinal direction. 



* C t = 36.7 — ► J = 0.826 72.05 м.т 


A _ Mgçt _ 72. 05*10 


A 


JF y d 


S (mm/m ) — 


0.826 * 360 * 930 


= 260.53 mm 


A 


Br.c. 4.50 


260.53 2 y x 

— 57.9 mm/m 




Check A. 


Smin 


A 


Smin ~~ 


1.5 d = 1.5*930=1395 
5<fl> 12/тп>= 565.5 


1395 mm 


Л As<A &min ► Take 1395 


2 

mm 
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Se с.ф 



682 kN.m 


930 = 



682 * 10 6 
25 *4500 


► C,= 11.9 —*J = 0.826 


A 



и — 4500 — 1 



Mact. 

JF y d 


682 

0.826 * 360 * 930 


— 2466 . / mm 



(mm/m ) — 



2455 . / 
4.50 


4 . \ 

— 548.0 mm/m 


Сһеск 


A 


Smin 


A 


Smin — 


Л5с£ = 1 . 5 * 930=1395 
5 <ff> 1 2 /m' = 565.5 


1395 mm 


Л 

&min ► Такө А&=г 1395 


2 

mm 
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Transverse direction.Short direction. 


Hidden Beam 1 


Mfact. — 640.7 JcN.m/m 


640. 7 kN.m 

A 



'—/ooo— 1 


U 

I 

I 

ШШЈДД 

312.5 kN/m 


"^јј шш^ 

act 


930 = С 1 \l 640 - 7 * 106 —* 5.81 0.826 

V 25 * 1000 

A M act. = 640.7*1 0 6 = 2316.8 rnrn/rn 

Ö jF y d 0.826*360*930 

Сһеск A © 

5 тгп 

л г 1.5 d = 1.5*930 = 1395-) , 

A Srrvin =) C 1395 mm 

i 5<ft> 12/m' = 565.5 J 


** ^Snıin — ^ o.k. 

Ag = 231 6.8 rtvrn 
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Hidden Beam 2 


M 2act . — 521.2 kN.m/m 


521 .2 kN.m 

A 



'—/ooo — 1 


U 

I 

| 

шшһш 

254.2 kN/m 


’ 4 ^{||Jİ 1 F JJ 

Мг act . 


930 = C , \j İŞMİ1İ9 6 — ► C,= 6.44 — ► J = 0.826 

w 25 * /000 1 


^ _ M act. _ 559 . 16*1 (f 


jFyd 


0 . 826 * 360 * 930 


— 2021.9 rnrn/rn 


Check A 


Smin 


A 


Srrvin — 


1.5 d = 1.5*930=1395 
5<ff 12 /m' = 565.5 


л A A 


s 


тгп 


> o.fc. 


1395 mm 


^« = 202/. 9 


2 

mm 
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6— Details of Reinforcement. 



5.10 
4.50 


ü 

X 




1 

I 





, 

1 

7016/m' 



€ 

% 

г 


1 

1 

İ İ İ 

CS| i ^ 

^ l ^ 

N ; 

1 

7016/m' 


İ J 
50 1 


Jü 





1 

1 

I 

1 

1 




A 


X 


2.68 


—L 


2.22 


4.90 

5.50 


J 


J 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. ShdlloW Fi unddtİOtlS 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) Fage JXo. 163 


Design of Footings For colurrm near an existing (property line) 


jUJI Jl>> JL^IyÜl ^иОыыСО 


-i «jbJLJ! ^kLİUJ! jL>J) Jl>> cJuox jlcJjJ 


<> 



4 

*> 

-i 


ı/ 

ı/ 

\/ 

I/ 

/ 



Combined Footing 



Strap beam 


Pi 


Pz 


jUJI jl>> ujü jü J J jjx j Jul£ — ^ 

<Xyoiju ö J lC-U ^Ј-оХЈ y'l ^jf JjLəo 
OjLcUUS JS.JG V ил X>Q «L^L». jLcjLj 

• jUJI JjJlx <jjLcJI 


üJl^UJI jUüf CjjIj lil <ј5Ј ^ 
JLu јвуһЗ jUJI JjJLx J 
Jjl>wO <јЈз* 1Ј J JXLCü jL»JI J JXLt 

aSjImxa oJlcU Jp^L> < jX- Lol 

Combined Footing 

1 *г>^ .>1 

Strap beam 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. ShdlloW Fc UtlddtİOtlS 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) Page ЈУо. 1Ö4 










/ 


Ojdw)Ll4 t»£H«j I '-Vr>> < \ 1 Er Ј^«Д £■ Jj Л 1C> 




( jJL> I J J j^oXj jLpJI J j-clC -Lu j |Ajb 



4 

•> 

-1 






2 2 


<SjIL^UUC C JLC’Ü) ^јХ- Lol 

Combined Footing 

<ХуО»чХ> t J LSLo ./ UJU>Q 

öJlcLLII C. C. «jlSLo ü -oii 



S'traj) beam 

=="| \ 



^>iU Сјл£ jf 


Strap beam 


ı ^JL ^İ^IjJI j^xlcJU jUJ! jl>. j ^a£, Јдјјј t_s < ^ l)! öjlc-UJI £jj jLiü.1 <_sl3jjj j 

C f > C 2 * ^İ>.IjJ! JjaäJI j jUJ! j^olc. ^ aİLoJI _ ^ 

Pj , P 2 * <xil^J! JU^V) *Ua3 _ ү 

Bearing capacity of soüajjXİ! <L>33 jU^I jjSt 
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* jUJ JLX Jtlfc J^ClcJ AjUoİjUO OJl£ |»IJL»OjuJİ (jSu4Ü ^ J! ljVUJI 


4 

•> 

-1 






* jUJ) jl>J LoLoü j^acJI ^ ujljo _ ) 

yı> (>l 

<Xyail« oJLc-U 


( C. L.) o* <iL*J! J£» V <jf lax» _ V 


( D ) oLwi* jL>JI jl>> ^Jl 



z 1 


<jUaAjbo oJl&Ls JxlC- ^xLlLwjü ^Ј-1зјјЛЈ1 oJlä JjiL>uj Ш 
чЈ jjUwJ! (Jlİp»IjJI J^orJL J ^ахЈ ) İJLA -LujJ jJ сиулз £ 


/ 

/ 



y 

У 


<£ jiiue ojldİj 

Combined Footing 


4 

«> 

-ı 


/ 

/ 

/ 

/ 

/ 

/ 

/ 

/ 


Pi 


Рг 


/ 

У 


Strap beam 
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Types of Foundations used For Column beside property line. 


1-Strap Beam. 


• (-jLlmjVI : J jJ <JUoiüuJ ' JLcJjiUi ^Jj>» ^Jİju 13 1 



Strap Beam јЈјЗчХ*,! ^ jAk . Ul ^ 


£& Strap Beam Jl CulS' lil d>jboJ j 

t * '2 чЈ^аАхоЈ! jlc-IjJJI jLc^I ı^ILıi 

£_Süü Jl^IjUI <jlİ 131 

Combined Footing J-oaj j Strap SeamJI 



ı 


4_pJ*axJI JLC-ljJÜI 4JLaJI CjüIS* 131 
Strap Beam £&> f апс г <> jhJ\ ✓ 


Lı 
2 
j£*a\ 


ifX > for f 
Л и*Л 


Combined Footing j 

w wse strap beam 
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2-Combined Footing. oar-LS 


Strap Beam Jl ^ Ш 


ifX < 


Lz \ L«jic. 
2 



/ 

/ 

/ 

у 

■? 

/ 

у 

/ 

/ 




• 1 8ı Ј 4^j I wU öjLt j J<t£ jJu 


1- IF Pı<P Z use Rectangular combined Footing. 


A 

У 

У 

У 

У 

y 



Pi 

1 

1 

Pz 

У 

У 

У 

У 

У 

У 

A 

Pi<Pz 





2- IF Pj P 2 use Trapezoidal combined Footing. 



y 
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Design of Stra/p Bearn. 


• «ÜbLoJI v_>Lu*>yj <JUaİLJ! |®J Ы 



Strap Beam ^ 

Z 1 / , Ғг AJUiıJI drl^ill jlcJ yL> V |*t Strap Beam Jl cutf lil јһолзЈ j 
Combined Footing J-oa* ^ Sfrap Beam Jl £&> ^ .ла 1^X11 Ji.1^3 oj> lil 

cindi ^ <^JdwjL*«JI jlaIjJüI mJLoJI CuiS lil 

Strap Beam £& 



/ 

/ 

/ 

/ 

z’ 

/ 

/ 

/ 

/ 




ffl > 




use strap beam 
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\\\\\\\\\\\\\ 


Strap Bearn oU! oj£ill 




j ^A fJI јјј ıS* aJLmJI L>jit 

öj јј^ j^xlcJI ^ jUJI 

JöjjU <SjiL^o öJlc-U (Ј^ох- (j^jiLJI ^ 
oJlc-UÜI oJLa J jJa (jli Lc*o 

6^; i '-ч- 

• ( Mmax ) ^ {У- 


Strap Beam 


I 


I 


\ 


/ 


/ 


Footings 


Columns- 


/ 

/ 




Strap Beam Ј1 o J ,UJj dJUJJ 
^J^pd ОАа Г, (J boJ>-f (jt ( < £Ä ^ 

J (J^JX. C)li ) Oj;U^ öj^ (jİCr 

jjJjaxU J-CX ^ 

«OljLcü b^J (ЈјЈјл LcJl (JJt*af 


<jjill <jJ! reactions -M J&J o^oSİl supports 

: (ј^ j^acJI Јла. J5j 

• ** 

Strap Beam — ► 2 Footings — ► Soil 

Ғ 1 ғ 2 



S trap 

Beam 


ı 



P.C. 


(5) Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. 

Downloading or printing of these notes is allowed for personal use only. 
Commercial use of these notes is not allowed. ( www.yasserelleathy.com ) 


Shallow Foundations. 

Page No. 1 70 


• j Strap Beam J! Ј15^Т 


гг 

1 


ГТ1 

1 



Strap Beam 



1 г 

Fı 1 1 

1 _ 1 1 

I Ғг 


jlcLäJ I ^13 uj 

öj-aSJl y- U <_> y* *xiuo JllC 


Strap Beam 


ji>JI јЗј ЫОлЈиЈ јл 5 Г */1 јЛ j 


^дЗ Jlc-UJ I |Дз ı—> j^jüuo — Y 
öj-oSJl gl3 <_> ^dbOJLO J-Ldt 


/V 


ғ 2 


jjü£ J-Lx (3 -clD gljbo <Ј^ J^ai-o jj-L JäJI Jlä 

• Jl>. ) J ^ЈЈЈ JlC- lil I f ĞİA+*i | £ <£м0 V-JlLLlL J 


т 


т 


Strap Beam 


Fi 


^јј jldLäJ I ^13 <-_> j-udJLo - 

< > JmJülA q*0 jjISj JJl^T 

. ö> oSJl јЛЗ 


| F 2 (Ј^УмЛјЈ I AJLlL) 

7/7777777/7777T777777777 


• AJSülaL, < j^lu*j\hJ I 4JLlU LoJulC- <J t_ Jj ^ЈаЈу Jüb 
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Important Notes. • 


5 


7 


Cı 


1 

"Г 


Strap Beam 


C. L. 


İ 


F, 


I 

I 


Cz 


C.G. 


t 


Ғ г 


C. L 'C.G. 


OjdwdLu Jj(<l fcJ 1 ^ј^м) 1 ^JLxIjJI J^OxJ) |ЈЛм) I OjLfrÜJI ^ 

• C2 C.L. 4 JLlLll* F2 öjldUUI C.G- • 


\ J c LdLuO>0 JLCO <јЈх- C*/ 1 jUJI (ЈАм>1 / öJLfriJJI jSj* “ T 

• J^cltJI jjä-o <j-o 



• jUJI <İLLal* 6JLfr ^ dJJj ^ 
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[fil Ш Design the Strap Beam and the two Footings. 



Ч 


т 


ғ v 


Footing ф 



;,т 

— S-e — 



-i 

O 

1 

г* 

x' A 
,-r. ı_« 

ç* o 

A\ 

1 \ 

e t 

u C/ 

t 

Rı 




Footing (§) 
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1 — Calculate the Fooüng area.(Width Sc Length of R.C. Footings,) 


- Таке в =0.1+ 0.2 (S) 

— Calculate the reactions on Footings Rı>Rz 






Pf * — Ri * ( в) 



Pf* S 

s-e 


Pı + Pz = Rı+Rz 


► 


Rz= Rı-Pı -Pz 
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Footing Fı 


IF tp.c> 20 


era 


get В1РЛ Frorn 

4,= ж ^ 



P 

Г' 


— - 


* 


Ft 

- 


Л p.c. 



m 2 


ç/ e 

2 


q 


all 


Ap.c~ B 


1P.C*LiP'C. 




1 P C ^■ Cl ; ) 

ojLjJL ј* - ® 0* >j3 V ч^јЈј 




4j>jLcJ ! ojlc-IjüU V 

<»JLuJI ajlc-ülİJ C,G, (3}^\ A->jlxJI öjlc-LäXI C»G»ö^i ıs*^* 



IF t PC < 20 


era 



Get B 


1 R.C. 


From A„ „ •=■ = /V" m 2 


'R.C. 


all 


П 

Г" 



J 

! 


Fı\ i 



1 * 

1 - - 1 


Ar.C.— B 1 R.C.* L 1 R.C. ► BlR.C.= 


Qı e 

2 




jUJI jl>> <_дј>-1јЈ I <_јј>.1ј qx 

Aj>JLoJI j <j jLcJ oJlcüLU C.G. *UUJI оЛд <jJ V 

. «L^ji aJUJI oJub 4 _>jUJI oJLdUUI 


Lip.c, 

LlR.c. 
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Footing F 2 


IF t PC > 20 


cm 


9 et Bp.c. > Lp.c. From 
A = _ y/Y rrı 



q 


all 


L 0 -В ов = b-a 

ZP.C. ZP.C. 


— B ZP.C.*!' 2 P C' 0 





IF tp <C 20 cm 


get B R .c. > Lr.c. Frorn 


A or = 

^2 — \f>/ rrı 

= в 

R.C. 

Qall 

i 

L 2 R.C. 

B z*.c- b-a — 

4D 


■■0 
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2— Сһеск the validity of using Strap Beam. 

У Strap Beam <л**\*~» {y> jiti 




• oJlc-U JS' jlxjf <л1 £, ЈЛгчЈ J Fz>Fl 

t P ' C '>20cm _ . 




(jjSd^UİI sketch p~>jj 



■ Strap BeamJ\ ^ Ij£ö*J 


_/*V > F 2 (^ü-le-UUI (jjj Ji-ljj 1 

— and ö* jx^eVI X Jİ3 V jjT — Y 

2 2 

• jUJI jls* ^JL 0 U 0 I aJUsuu* i Ы Ғ^ 1 oJlC’LsJ! jUj! qj 5з ^jt ^ 



L 




Lı^ Bi 


JejjAlI ^ bi I jl 

ЈдаЈ jJcitdj <İjLJI 

Combined Footing 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. ShdlloW Fi unddtİOtlS 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) rage I\o. 1/7 


3 — Dirrıensions of the Strap Beam. ( Width & Depth) 


p, \ \ Рг 



Ч 


шиш 

Wl kN/m 
\—LiR.Cr-~ 


Pz 


п 


шшд 

VÜ2 kN/m 


'ZR.C: 


Stresses on Footings. 



Rl (JLL) 

LlR.c. 


(kN/m ) 



Pz ( U. L .) 
Lzr. c. 


(kN/m ) 
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Drauıing B.M.D. & S.F.D. For the Beam. 


Pi I Рг 

▼ т 



To Calculate the point of Zero Shear. 


Wı-P^Xo) — ► X 0 =s 

To Calculate the max (-Fe) Moment . 


M max (-Ye) = Pi tXo-f)- U>ı ( -Jp 
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Mmaxthe Ыддег From Mmax <-Fe) & M тах (+Ve) 


Choose b = (400 — >1000) ram 


b Cı or Сг 


C i C 2 


' I I Oj- i I ( J-9j V 





Recommended 



(İ (mm) — C/ \/ -^гшиг fc^.m) * /О^ 

V İN/mrn) * ^ (mm) 

Choose C f = (3.5-+5.0) 

Get Cİ =SS (mm) 

ГаАге COVBT — 70 mm 
t = d + COVer (70 mm) ojLjJÇ |*^ 0. 
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4 — Сһеск Shear For Strap Beam. as beams. 



® Calculate Allowable Shear Stresses. 


q - 0.24 
л си 


v¥ 


N\mrn 


max. 


- 0.70 \J Ғси N\mrn 


Calculate Actual Shear Stress. 
Qcr. 


q _ 

^ u = 


IF 


bd 


Г 


cu 

U 82 min. SUrrups. 

5 ф 10\rrt 

4 branches 


N\mrn 


IF 


ч 


u 


1 


We need Stirrups 
Mor e Than 5 ф 1 0\rrt 


Umax. 


Increase Dim. 
b or d 
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* IF ^си <%< ^Umax. 

We need Stirrups more than 5 ф8\ m' 



Where : - Shear Stress Taken by Stirrups only. 

9 U = Actual Shear Stress . 

q 

z£2£ e Shear Stress Taken by Concrete only. 

2 


— Tl =r No. of Branches. 


П-2 


П = 4 


IFb > 400 mm OR b> t 
Take n=4 


X <fc50 mm 
X^250mm 




^UwJl <^»LuO* 

IF using ф s 

-> 

=50.3 mrrı 

IF using ф / Q 

-> 

A s =78.5 mm 

Fy — 240 N\mrrı 

Mild Steel 

Fy — 360 N\mrn 

H.T. Steel 



— S — Spacing between stirrups in the Long Direction. 

fji jioJI aİmVI фһ CtblSlll q* » uliLuJI 

•Лтп = 1 00 rnm 


^гпахг 200 mm 


ı._r 





ч- 

’ 


ı 1 


s\ 


U 
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5 — Reinforcement of Strap Beam. 


B.M. 


Sec.G) 

d= c , 



м 


max (-Ve) 


F 0 u* b 


> С 1 — ► J 



d~C,\l 


M max (+Кс) 


Fcu* b 


C,-+J 


Get 


A 


м 


Sbott ~ 


max (+ Ve) 


JF y d 


2 

(mm ) 


Сһеск A Smin 
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6— Design of Footings. as a strip Footing. 




BiR.Cr 



Footing. Fı 


— Actual Normal stress on R.C. Footing ( U.L .) 



Rw.l. 

"lact. — 

BlR.C*LiR'C. 


(kN/m 


— Critical section of bending at R.C. Footing. 


- moment — Force * Distance 



(m) 



(JcN.m) 
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d 1 = C > \Ј Ғ М Х Таке C, = ( 3 . 5 -*б.О) 

V *cu* B, R .c. 1 


Get 


dı = ss 


(mm) 


Take COVGT — 70 mm 


t i r.c. = d f + COVer ( 70 mm) I ojL>JL 0. <->јЗУ <->јЗз 


Сһеск Shear. 


* Calculate 



(m) 


* Calculate Actual shear Force . (fo 

~ -^tct *lt* /.Om] <WV> 

♦ Calculate Actual shear stress. Ш 


* Calculate Allowable shear stress. (O 



Critical / 

sectiorv C 1 

/ 



/act. 


d/ 

2 


q , _ Qfu _ 

Q 1u <.kN)*ıo 3 




Чи1- , , - 

0 *CLl 

1000 * di < mm > 







* Compare between 

Actual shear stress (чЈ & Allowable shear stress 

* IF q u1 < q 


SU 


*if q u1 > q 


SU 


Safe shear stresses 

No need to increase dimensions, . 

UnSafe shear stresses 

We have to increase dimensions. 
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Reinforcement of the Footing. 


From Сј 


Get 




Get 



2 

(mm ) 


Check 


, r 1.5 di (mm) 

Srnin (mrn/m ) = \ f 

5$ 1 2 /m' J 




rmn 


* o.k. 


IF ^ Q y ^ Q 

ä/ N ö ГМП 


> Take Asf — Asmi 


rrwn 
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1 


ҒооЫпд.Ғг 




b_ 

! 






F2act. 



B2R.C; 



Footing. F2 


— Actaal Normal stress on R.C. Footing ( U.L .) 


(kN/rn) 

— Critical section of bending at R.C. Footing. 

- moment — Force * Distance 




t 
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= C ' \J F M * " Take C 'r = («•«-«•») 

V ^CU* 5, Л .С. ' 


Get di 2= </Y 


(mm) 


Take COV2T — 70 mm 


^2R.C. — di 2 + cover ( 70 mm) I 0 - 


Сһеск Shear. 


a 


* Calculate 

1г= Zz - Ф 

(m) 

&2 

2 

1 


/C 


i 

* |VX 



* Calculate Actual shear Force . («L) 



(fciV) 


♦ Calculate Actual shear stress. Ш 


q 2= Qzu - QguMUİO* 



2act 


b*d,2 1 000 ♦cfe (mm) 



* Calculate Allowable shear stress . 

* Compare between 

Actual shear stress (qj Sc Allowable shear stress 

*IF 9иг< 9 


SU 


*»■ 9 u 2 > 9 , 


SU 


‘8U 

•Sa/e shear stresses 

No need to increase dimensions. 

UnSafe shear stresses 

We have to increase dimensions. 
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Reinforcement of the Footing. 


From Cı - ' — -► J 


Get 



2 

(mm ) 


Check 


a r 1.5 d (mm) ^ 

Smin ( mrn/m ) = < Г 

L 5<ff> 12/m' J 


IF Asz^A 

if A s2 <A 


Smin 
5 min 


► o.k . 

► Таке A. § / — S tyixti 
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7 — Details of Reinforcement. 



1 

1 

1 

■ I nı 


M M 1 I 







k 

™l 

-• 4*. 

Н E 

4 4 

k-J 
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Example. 


It is required to design Footings to support a proterty line 
column Ci (45 * 50) cm. and carrying working load 1 000 kN and 
interior column C 2 (45* 70) cm. and carrying working load 2200 kN 
the spacing between the C.L. of the two columns is 7.0 rn 
as shown 



0.70 



7.0 


and the allowable net bearing capacity in the Footing site is 

200 kN/m 2 . (F cu = 25 N/mm' , Fy = 360 N/mm 2 ). 
and draw details of RFT. to scale 1:50 


Solution. 

Data given. 

Column Cl dimensions ( 450*500 ) mm 

Pf (working) - f 000 kN Pf (U.L.) - / 000 *1 .5 = 1 500 kN 

Column C 2 dimensions ( 450*700 ) mm 

p z ( working ) _ 2200 IcN P 2 (v.L.) =2200 *1.5= 3300 kN 

R(working) = Pf + P2 = 3200 kN 

R(u.l.)= 1.5 * 3200 = 4800 kN 

Bearing capacity of the soil = Q а11~ 200 kN/m? 

F cu =25 N/mm? F y = 360 N/mm 2 
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For property line use 

Strap Веаш or Combined Footing. 

Start with Strap Bearn. 

1 — Calculate the Footing area. ( Width & Length of R.C. Footings.) 

Таке e= 0.1+ 0.2 (S) = 0.1+ 0.2 (7.0)= 1.50 m 


1000 


1 


ZT 

I - - I - 


7.0 


1.5A 

Rı =1 272.7 kN 


5.50 


1 


2200 





t 


R 2 = 1 927.3 kN 
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Footing Fı 


Choose t P C = 30 cm 20 crn 
L i p.c.= 2 (Ө + !')= 2(1.5+0.25)= 3.50 m 

9 et В 1Р . С . Ғгош Ap C = = A pc = в 

4all 


Шк 1 ■ 

0 

1 

5 

’ 



'd 

Lı—~ 



1 

3« 

1 



ГА 



0.25 /.5 


1P.C .* 



1P.C. 


A - 

Л Р.СГ 


1272.7 

200 


= B 1P C * 3.50 — ► B 1PC = 1 .82 m 


Bip.c.— 1.90rn 


Lip.c.= 3.50 m 



Bir.c.= 1.30 m 


Lm. c .= 3.50 m 

Footing Ғг 


L - B в = b-a 

2P.C . 2P.C. 

= 0.70-0.45 = 0.25 m 


L zr.c = B zr.c. + °- 2S ™ <D 


л Rz 1 927.3 OcN) 2 

Agp.c- q all ~ 200 (kN/rn) ~ 9 63 m 

А 2 р Х =Вгр.с.*^гр.с. = 9.63 m (^) 


B2P.c.= 3.0 m 


L 2 p.c = 3.25m 



B2R.C.— 3.40 m 


Lzr.c.= 2.65 m 
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Х=2. 125 




3.0 
2.40 


use Strap Веалт. 


3 — Dimensionsof the Strap Beam. ( Vidth & depth) 



Rl (U. L. ) 
^İR.C. 



1j5_ * 1272/7 
3.50 


VÜ2 = 


Вг ıv-L) 

L>2R.C. 


Uf 2= 


/.5 * /9Ü?7.3 
2.65 


545.44 

(kN/rn ) 


1090.9 

( [kN/rn ) 


1500 


^3300 



1 1909.05 1 2890.96 

I— 3 . 60 -J I— 2. 65 -J 

ШПШ нжннп 

Wl kN/rn VÜ2 kN/rn 

ШДШ шпшпз 

545.44 1090.9 *л/т 


kN/rn 
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Drawing B.M.D. & S.F.D. For the Beam. 



Point of Zero Shear ( X 0 ) — . — 2.75 m 

545.44 
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Таке b Cı or C 2 Take \ b = 0.7~m\ 


v d=C 1 


м 


max 


Fou*b 



Л d = 4.5 \f i ' 5 * 1qT = 1397 mm 
V 25 * 700 

f R.C. = d + 70 mm = /397 + 70= 1467 mm 




4 — Сһеск Shear For Strap Beam. as beams. 


&.0.715m 40a04 


Qcr.= 692. 


1472.7 


S.F.D. 

kN 


1227.3 



Q cr . = 837.3 



«?=0.7/5m 
8 1063.6 


Qor. = Qmax. ~и>ф = 1472.7- 1090.9 (-f-) = 692.7 
Qcr. - Qmax. ~ Ul ф = 1227.3 - 545.44 (-^-) = 837.3 

- Actual Shear Stress. 

q . = Jçr. . 1 . 0.336 kN/m 

act b*d 700*1430 

- Allowable shear stress. 

_ сг o.24 \J * °- 24 \j = 098 ^\ mm * 

_ 9 =0.7 \ t§ J£ = 0.7 \ = 2.85 N\mm 

max. V öc V '-o 


fciV 


fciV 


У act. K. 9 


сге.. 


use min. stirrups 


Use Stirrups Г 50 1 0\rrt | 6 branches 
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5 — Reinforcement of Strap Beam. 


1687.5 1534.2 



1430 = Cl \ГШИ 

V 25 * 70 


10 6 
25*700 


Cı = 4.60 — +J= 0.81 8 




M 


6 


1687.5 *10 


JF d 0.818*360* 1430 
Check As min. A § — 4007.3 mm 


— 4007.3 mm 

2 


2 


req. 


2 

mm 


Mwn. b d= ( 0.225 * b d - (o.335 * ) 700 * /-#30 -3 /33. / 

V 7 4 300 7 

As > ^ л TaJce A S = A S = 4007.3 mm |/ 1<#> 22\ 

rea. теа. 


Sec. ® Mmax{+Ve) — 957.6 kN.m. 


1430 = Cl \/ 957 6 * 

V 25*700 


10 


6 




м 


957.6 *10 


e 


JF d 0.826*360* 1430 


Cı = 6.11 — ►«Л= 0.826 


— 2252 mm 


Check A 


2 


S 


mvtx. 


8 


req. 


= 2252 


^ ı min. b d- ( 0.225 * ) b d = ( 0.225 * Ш- ) 700 * 1430 = 3128.1 

X Fy ' V 360 ' 


2 

mm 


Fy 

V'min.bd >A Sreq ЛИ+ As min . 

0.22S.&ibd = ( 0.226. ШЛ 700.1430 ^31 28. 0.UVl 
fy 4 зео ' /sj~~ 

1 = 2ft27.0-^ 


/.3 A 8req =1.3*2252 =2927.6 — 

st. 360/520 ^0 bd = QJŞ • 700 *1430= 1501.5 

luo ıoO 


- 2927.6 mm 


8 #22 


2 
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6 — Design of Footings. as a strip Footing. 


Footing. Fi 


0.7 


3.50 


0.3 


т ттт ttftTTT 

419.5 


г 

1.3 

lo.sC 


--Ө-.7 


шшшж 



ТШЈШР^ 

^W66.07 


Footing. Fı 


- Actual Normal stress on R.C. Footing ( U.L .) 

Riu.l. 1909.05 


Bir.c* L 1r ,c. 3.5* 1.3 

- moment — Force * Distance 


= 41 9.5 kN/m 


Miact. — 


41 9.5 * 0.3 * 3.5 * 0.15 — 66.07 kN/m 



V ci=(7, \ _Maet 

VFeu’b 

Л d — 5.0 \/ 07* 10 6 _ / 37.4 mm 330 mm 

V 25 ♦ 5500 

t Д.С. = d + 70 mm = 330 +70 = 400 mm 


Choose Cı — 5.0 


t 


R.C. 


= 400 mm 


di = 330 mm 
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Сһеск Shear. 


Qu fi'oLCt. ** 1 .0 7Tb 

= 419.5 * 0.135*1. Om = 56.63 kN 
* Calculate Actual shear stress . (?„) 

g _ Q 

111 — 



3 


İU _ 


56.63 * /0 _ . A r/ 2 

— 0.171 N/mm 


b*d 10оо*ззо 

* Allowable shear stress. (O 


0.33 0. /35 


4su= 016 


cu 



= 0.16 \ T^r = 0.653 N/mm 
v 1.5 


Saf e shear stress e s 
No need to increase dimensions. 


Reinforcemerıt of the Footing. 




м 


lact. 


66 . 07*10 


A 


JFyd 


0.826 * 360 * 330 


J= 0.826 


= 673.3 mm 


S (mm/m ) — 


A e 673.3 г , s 

s =■ 192.3 mm/m 


f R.C. 


3.50 


Check 


A 


1.5 d = 1.5*330 = 495 


o miri — 

5$ 12/m' = 565.5 
” As ► A 0 = 565 


565mrn 


2 

mm 
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Footing Ғг 



-Actual Normal stress on R.C. Footing ( U.L .) 

R2 U.L. 


^2 act. — 


2890.95 _ ,2 

— 454. 5 kN/m 


ВгЕ.с.*^ Ј гв.с. 2.65 ♦ 2.4 
- moment — Force * Distance 

M 2ac t. = 454.5 * 0.S5* 2.65 * 0.425 = 435.1 kN/m 



v cUC, 


M act . 

F»u*b 



л d = 

£ д.С. =d + 70 mm = 405.2 + 70 = 475.2 mm 


5.0 \l 435 1 * ,o6 = 405.2 mm 
25 * 2650 
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Shear 

Force 


3— Check Shear. "i г Critical 

sectiorı 

d I 

* Critical section For Shear . г\ ı 

l=Z-d 

. 2 л vo 

l = 0.85 - 4^3 = 0.63 m 

2 

* Actual shear Force. <fL) 

-454.5 , 0.63 . 1.0-2B6.3kN 


* Actual shear stress. («U 



act. 


9«- 


- «a- - 3 0.666 

1000*430 , ^ 

N/mm 


b*d 

* Allowable shear stress. «u 



Ч ш -о. 1 в 


cu 



= 0.16 \ Ş^r = 0.653 N/mm 
v 1.0 


5*a/e shear stresses 

No need to increase dimensions. 


Reinforcement of the Footing. 



M 2act. 

J F y d 



(mm/m) — 


435.1 *10 
0.826*360*430 


2 

— 3402.8 mm 



3402.5 

2.65 


— 1284 mm/rn 


7$ 16/m ' 
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7 - Details of Reinforcement. 



11022 


8012 


8022 




7.0 


© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. Shdllow FoutldatİOilS 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) Fage JSo. 2U2 


I; — Combined Footing For column near an existing (property line) 


Strap Beam Jl £İı> lil 
f — i 1 X -|- Z r£— -| 




IF X < — & — ÖJ& ' 




iz: 



Fı 


Fz 


• S” 1 gl J 0 JlC- l_9 


a- if Pı<P 2 use Rectangular combined Footing. 



b- IF use Trapezoidal combined Footing. 
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CCİ Rectangular Combined Footing. 


Pl<P2 


;L>Jİ Jl>» ) İ дј>о <JLİoLmjuo \1Zxa öJlc-U 

ч/ • ч/ %/ • « •• 


P, |- S ] P 2 



r=p,+p 2 


R*X=PfS 


R JU..VI <i 


tfi. I>w0 


«CoJLS <_)LuL9» 


•• 

Г* 


JIäVI <Х>др^о (jlSlo Jb JLəo |*jj 



© Copyright Eng. Yasser El-Leathy 2016 . All copyrights reserved. ShdlloW Ft unddtİOtlS 

Downloading or printing of these notes is allowed for personal use only. 

Commercial useofthese notes is notallowed. (www.yasserelleathy.com) Fage JSo. 204 


1 — Calculate the Footing area. ( Width & Length of R.C. Footing.) 


L r.c. 


= (S-X) + 


Qd 

2 Qd 

z 


d/ 



L. 


R 


1 

Ш 



J 

\ C.G. 


J 

i— S -ЛГ^Н 

f v 


^ 1 \ 




Lr.c. 


•R.C. 


Lr.c. 



Lp.C. 

P.C. Л JJJü J 


J jUJI <> R.C. Ј1 

C.G.r.c. ^ j C.G.p.c. ^ C.G.r J1a> с^ 
Calculate the width of the Footing. B 

IF tp c. ^20 сш get B p, çFrorrı 


А РС =Ј*™ =в 

Ч all 


P.C.*Lp.c. 


Bp.c= 



^Ғ t P 'C.<20cm get Br , çFrom 


A - 

А ЛС.*" 


R 


w 


all 


= " rt? = B rc .*L r.c. — ► \Ви.с.=у^ 
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2 — Desigrı the critical sections For moment. (Depth of R.C. Fooüng) 


Plu.L.=1‘5*Plw > P2u.l.=1.5*P 2 w > Ru.l.= 1'5*R' w 

-Actual Normal stress on R.C . Footing ( U.L .) 



— Actual Uniform Load on R.C. Footing ( u. L .) as a beam. 


B R.C. oJlc-LDI <јТ j nfc') 
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Drawing U. L. B.M.D. & S.F.D. on the all R.C. Footing. 
Longitudinal direction. 


B RC . öjLjlC- oJlc-UÜI qI jn c.*> 


B.M.D . 9 S.F.D. | 

cjjS (jküIS IjkJS^ öJlc-ÜÜJ 

Br. c . 

B.M. > S.F. (Л j 

* Qı \<0 tV 1 ^ЈХ' 


5 .F.D. 

B.M.D. 



'IDu.l. kN/rrı 

PlU.L. P2U.L. 


1 i 

тттттттттттттттттт 


'Wu.L. kN/rrı 



At (-Ve) 0JLC.LDI moment JüJlssİ) 

\zero shear<L& «jlSLo jüj^j ^ 
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Мтах. ^ the Ыддег moment of M(+Ve) &M(-Ve) 


Cİ (mm) — C j \ f 


Mmax ilcN.Tn^ ^ / 0 

Fcu ( N/mrn ) * B R . c (mm) 


Choose — (3.5—+ 5.0) Get d — v'V* (mm) 
^д.с. - ^ -ј- cover (70 mm) 


Сһеск depth in Transverse direction. Short direction. 

-4s a Hidden Bearn. 

Hidden Bearn) «Ujİju o yS LejlS јјлс. JS" Jiu*>f oOlc-UJI jjäcö 

T / t Br Q JİMlf IftjLcjf 

Hidden Beam 1 Hidden Bearn 2 



L J L J 

L^bi+d L 2 =b 2 +2d 
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Hidden Beam 1 


PlU.L. 




ffiHÖHBp 

flact. 

(kN.m/l.Om) Af/act. 



аг 


rZ r 



(kN.m/l.Om) 


ШПШШр 

"2act. 

%г act. 


Choose Мыддег The Ыддег value of M 1ac f t & M 2a ct 

d=c f 


M b 


гддег 


* 10 5 6 Get 


Fcu* 1000 


> c , 


Then Check on Ci 3.0 


IF C/ < 3 . 0 ► Increase C l 

and Recheck the transverse direction. 
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З-Сһеск Shear.at long direction. 


Critical section For Shear . 


Qmax. ödic- ^ill ^ ^ 

& 



«or,- «ma *. - W„, L , . İ 


* Calculate Actual shear stress. («u) 


3 

a ^ог. <*ло * 10 

*U - — 

B ( mm ) * (X (mm) 


2 f 

(N/mm ) 


* Calculate Allowable shear stress . (QL a .) 

v *SU 7 




2 


(N/mm) 


* Compare between 

Actual shear stress (Ç ) Allowable shear stress (Qf™, ) 


* W < 9; 


•SU 


•Sa/e shear stresses 

No need to increase dimensions. 


*if q u > q 


■su 


UnSafe shear stresses 

We hav e to increase dimensions . 
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4— Сһеск Punching Shear. 



C oluran 1 



* Calculate Punching Force. (Qı p) 


Qw=B U.L.- (Fact.) [(a/+rf)(b/+^)] 

UcN) 



* Calculate Punching shear ar ea. (A ip) 


2 

( mm ) 

* Calculate Actual Punching shear stress. QiPu 


-LajL>woJ I ^асЈ) 

— 

Afp=\_ (aı+d) + (bı+ |г )] * ■ 



( lipu = 


Qf P c km *ıo 3 


\_(aı + d)+2(bl+j!j]*d imrn) 


( N/mm ) 
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Column 2 


* Calculate Punching Force. (Фгр) 



UcN) 

* Calculate Punching shear area. (ДзЈ») 

-Lu^woJI J^oxJI 



2 

(mm) 


* Calculate Actual Punching shear stress. q 



q 2PU = 


Q 2 p (kN) *10 3 


\_2(az+d)+2(bz+dy\*di (mm 


2Pu 


( N/mm ) 


Choose q 


Pumax 


the Ыддег value of QlPu & $2Ри 
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* Calculate allowable Punching shear stress. Qpcu 

• «JljJf VI q*o JJVİ Cuill <ДзЛј 


Take bo For the Edge columnto get smaller (J p 
Take a=3 For the Edge columnto get smaller (J p 



CL = 4 Interior Col 
a = 3 Edge Col 
CL=2 Comer Col 


a 



( N/mm ) 


^ f 
( N/mm ) b 


ј^д г ЈЈ jajc ji ja a 




(N/mm ) 


* Com/pare between 

Actual punching shear stress (9 Ритпх) SC Allowable punching shear stress 


* IF Qpumax % cu 

♦ IF Çtpumax^ ^Рси 


Saf e punching shear. 

No need to increase dimensions. 

UnSafe punching shear. 

We have to increase dimensions. 
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5— Reinforcement of the Footing. 


Longitudinal direction. 


л 


S top 





M i 


max Top 



<b 


B.M.D 


Sec. ф 


From d = СЛ 



max bottom 


r Br.c. ^ 




шшшш 

тШШж 





İr.C . 


M 


mcur Гор 


maa? Top — £* 


Fcu* Br.c. 


J 


Get 



2 

(mm) 
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Сһеск A 


Smin 


A 


Smin ( mm/m ) — 


1.5 Cİ (mm) 

50 12 /m) 




/Ғ ^4stop ^is mi 

/Ғ -^S !op 


> o. A;. 


ТоЈсе ^ S — ^ S т%п 


Sec. 


Mmax bottom 

▲ 


ҒТОТП (Л — \/ M-max bottom 

Fcu* Br.c. 

Get 



C \ 


J 


Br.c: 


Get 


A 


м. 


S bottom ~~ 


max bottom 

J F y d 


2 

(mm ) 


Check Д 


Smin 


A 


2 


1.5 d (mm) 

Smin (mm/m) — ^ Г 

5$ /2/m x 
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Transverse direction. Short direction. 


Plü.L. 


Hidden Beam 1 


From d = C, 


M 


1 act. 


ғ с u * 1000 


Get 


>C t 


J 


Get 



Сһеск A 


Smin 


(mm/m ) 



ШШҺШ јр 

flact. 

^Mract 


Hidden Beam 2 


From d = С 1 


M. 


2 act 


ғ„,* 1000 

c,- 


cu 
Get 


J 


Get 



(mm/rri) 


Сһеск Д 


Sqmin 



f2act. 

^ act. 
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6— Details of Reinforcement. 



Sec X-X 



Plan 
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Example. 


It is required to design Footings to support a property line 
colurrm Ci (45 * 50) cm. and carrying working load 1 000 kN and 
interior colurrm C 2 (45* 70) era. and carrying working load 2200 kN 
the spacing between the C.L. of the two columns is 4.5 rn 


as shown 



and the allowable net bearing capacity in the Footing site is 

200 kN/rn 2 . ( F cu =25 N/rnm' , Fy= 360 N/rnm 2 ) . 
and draw details of RFT. to scale 1:50 


Solution. 

Data given. 

C oluran Cl dimerısions ( 450*500 ) mm 

P-f (working) _ lOOOkN Pi (ÜJ») - 1000*1.5= 1500 kN 

C oluran C 2 dimensions ( 450*700 ) mm 

p 2 ( working ) _ 2200 kN P 2 (v-L) =2200 *1.5= 3300 kN 

R (working) = Pj + P 2 = 3200 kN 

R(U.L.)= 1.5 * 3200 = 4800 kN 

Bearing capacity of the soil = ЧаМ— 200 kN/rn 2 

F m =25 N/rnm 2 F y = 360 N/rnm 2 
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For property line use 

Strap Bearn or Combined Footing. 


Start with Strap Beam. 

1— Calculate the Footing area. ( Width & Length of R.C. Footings .) 

Take e=o.ı+ 0.2 (S) = 0.1+ 0.2 ( 4 . 5 )= 1.0 m 


1000 


1 


ZT 

I . . I - 


4.5 


3.50 


1 


2200 





'°t t 

Rı = 1285.7 kN R2=1914.3kN 
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Footing Fı 


0 


5 


Choose t P C = 30 cm 20 crn 
L 1P . c .= 2(e + Çt) = 2(1.0+0.25)= 2.50 m 

9 et В 1Р . С . Ғгош A pc = = A pc = в 

4all 


1 

- Li — 


1 

Fl 


Ä 



I I - - I 

0.25 1.0 


1 P.C.* L 1 P.C. 


A - 

Л Р.СГ 


1285.7 

200 


= B 1rc *2.50 ► B 1P ' c = 2.57 тп 


8 ip, c.— 2.60 7YI 


Lıp.c.= 2.50 ni 



BlR.c= 2.0 7П 


Lir.c.= 2.50 m 

Footing F 2 


L - B D = b-a 

2 P.C. 2P.C. 

= 0.70-0.45 = 0.25 m 


L zr.c = B zr.c. + °- 2S ™ <D 


л _R2_ 1_9U^3(kN) n сгч г 
A ZP.c. q all 200 UcN/rn) 9 - 57 m 

А грс . = B 2 F.c.*L 2 RC. = 9.57 m (^) 


B2P.c.= 3.0 m 


L 2P .c.= 3.25m 



B 2 r.c.= 3.40 тп 


Lzr. c = 2.65 m 
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X =0.625 



X =0.625 m 


• • 







use Rectangular Combxned Footing. 
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1—Caleulate the Footing area. ( Width & Length of R.C. Footing ) 


Pl=1000kN 

I 



R = 3200 kN 


I 

+ 


Рг = 2200 kN 

I 



L- — 4.5-X- 



4.50 


x= *S = 1Ш*4.5 = 1.40 m 

л Д 3200 

R =P 1 +P 2 = 1000 + 2200 = 3200 kN 


Lr.c. = 2(3. 1+0.25) 

= 6.70 m 

Lr. c. = 6.70 m 
Lp.c. = 6. 70 m 


4.5- 



Calculate the width of the Footing. B 

A_ _= = 1 6.0 m — B PC *L PC . = В Р _ а * 6. 70 


PC ■ 4all 200 


B p c =2.39 m 
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2— Design the critical sections For moment. (Depth of R.C. Footing) 


PlU.L.=1 .5*1000 = 1500kN 
Pzu.L.=1 -5*2200= 3300 Ш 
P U.L.=1 .5*3200= 4800 kN 


-Actual Normal stress on R.C . Footing ( ü.L .) 



-Actual Uniform Load on R.C . Footing ( u. L .) ols a beam. 
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Drawing U. L. B.M.D. & S.F.D. on the ail R.C. Footing. 
Longitudinal direction. 


1500 



3300 


"ГГГ 

0.35 0,35 


R.C. 


716.4 kN/rri 


1500 

0.25 


3300 


i 


4.50 


I 


1.95 — | 


716.4 kN/nt 


S.F.D. 


B.M.D. 
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• • 



Choose Cı — 5.0 


Л di = 5.0 


\l f 195.3 * 10 в _ gf 4 'Q үпт 
V 25 * 1800 


t R.C. = di + 70 тлт =814.9 +70= 884.9 mm 



r.c. = 900 mm 


d = 830 mm 


Check depth in Transverse direction. 

İs a Hidden Веаш. 


Hidden Beam 1 


1.80 

0.675 1 


0.5 0.83\ 

P 1 U.L.l 

= 1500 İ 



-1.33 
Lrt=0. 5+0.83 
Ll= 1 .33 m 


6.70 


Hidden Beam 2 


\0.83 0.7 0.83 ■ 

г — i 


PZü.L. \ 





0.675 = 3300 • 


i 


2.36 


1,2=0.7+2*0.83 
L 2= 2.36 m 
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Hidden Beam 1 



M 1a ct.= (626.5* 0.675 *1.0m ) ^ 


M /act. — 142. 7 kN.m/m 


Hidden Beam 2 




^2u.l. 
Br.c* L 2 


3300 

1.8*2.36 


= 776.8 

kN/m 




1 


0.675 


ШШЈШ} 

776.8 kN/m 


■2 act. 


M 2act = ( 776.8* 0.675 *1.0m ) ^ 

Mgaot = 176.9 kN.m/m 


Мыддег ^ГОт Mf ac £ & M 2 act. 


Ыддег 176*9 кЫ.тп/тп 


830 = 



176.9* 10 6 
25 *1000 



9.86 /> 3.0 ok. 
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З—Сһеск Shear. at long direction. 


Critical sectiorı For Shear. 


1500 


3300 



716.4 kNM 



Qcr. = Q 


* Calculate Actual shear stress . (чЈ 




Q or. 


1355 * 10 


= 0.907 
B * d 1800 * 830 icN/rn 2 


* Allowable shear stress. (4sJ 



Чзи=° 16 


Fcu 



= 0.16 \ = 0.653 N/mrrİ 

v 1.5 

^ UnSafe shear stresses 

We have to increase Depth 
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Increase the depth of the Footing. 

-Lali p* V depth Jl cjLj ujloj lil <il ^JjxJI «yi <> j4S£ jj5T Q U oV 

ö j^ O* tW» ш Unsafe shear 

Take 




0.25 


al 


fi.C 


0.^5 a' 





-— (^ 


35 


Js 


716.4 *»/»»' 



* Calculate Actual shear stress. (9u) 


9гс = 


<?, 


cr. 


B*d 


1 247.5* 10* _ nR1R 
1800* 1130 - -w * 


kN/rri 

* Allowable shear stress. (O 



4su= 0 - 16 


Fon 


2 



= 0.16 \ Ş4r = 0.653 N/mrri 

v /.O 


Sa/c shear stresses 
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4— Сһеск Punching Shear. 


. «_д511Ј1 (јлдЈ! 


6.70 


Pi = 1500 kN 


Рг=ззоо kN 


İT. ЗГ" 


i -I PO 

jş 

Ј1ШЈ_ _£ . 


1.80 



88Г 


Ş ıo.4sf 


0.7 


+ 

j - т c> 



+ 

Q>1— L. 


J 


0.5+ 1-4$= 1.065 


0.7+1.13=1.83 


J 


C o lumn 1 

* Calculate Punching Force. (Ol p) 

Q 1P = 1500- 398 (1.065* 1.58 ) =830.3 kN 


Aıp= \_2 (1065) + (1580)~\ * 1 130 


= 41 92300 ram 


* Calculate Actual Punching shear stress. ? 


IPu 


% P u = l3i - 3 * 1QS =0.198 N/mm 2 
4192300 
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C o himn 2 


* Calculate Punching Force. (@2р) 

Q 2P =3300-398 ( 1.83*1.58 ) 


= 2149.2 kN 



Агр= [ [2 (1580) + 2 (1830)'] * 1130 


= 7706600 mm 


W 

<ф> 


* Calculate Actual Punching shear stress. q 




IPu 


q 2pu= 2149,2* /O 3 = 0 279 N/mm 2 
7706600 



q 


Pumax 


the bigger qı Pu & q2Pu = 0.279 N/mm 2 


* Calculate allowable Punching shear stress . 

• «lJLlII ^лЗ (j-e jtiktjı 


cu 




b Q = ( a+d) + 2 (b+İ) = (450 + 1130 ) + 2 (500 + -^?) = 3710 mm 
CL = 3 as Edge Col 


q P cu= 0.8(%Ш- + 0.2) 


— 3.63 N/mm? 


3710 


1.5 
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a — 0.45 m J b — 0.50 m 
Qp cu — 0.316 (0. 5+ o ŞQ 



(N/mm ) 


«г 1.80 



N/mm 


^Рсхл — 0.316 



0.316 



1 .29 N/mm 


9]0ou — / .60 


( N/mm ) 


• • 


Ч.Рои= 129 N/mm 


. <LLJI рлЗ j-jVt Cy. JäVI wuJUI öi.ti 


^Pv-max ~ 0.279 N/mm f 


q </q 

^ Saf e рипсһгпд 

shear. 

1 ™max ^ 

No need to increase 

dimensions. 
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5 - Reinforcement of the Footing. 


1195.3 



1130= C, 


1 195.3 * 10 6 


25 * 1800 

* C, = 6.93 —>J= 0.826 




‘ШШЖ 

ШШ. 

9Ж- 


1130 


1 195.3 kN.m 


_ MqcL _ //95.3 */0 


JFyd 


0.826*360* 1130 


= 3657.2 mm 


A 


A 

S (mm/m ) — 


o 3557.2 2 / \ 

— 1976.2 mm/m 


СһесЈс A 


A 


Br.c. 1*80 

8 min 

1.5 d = 1.5*1130=1695 


8 min ~ 


1395 mm 


5<ff> 12/m' = 565.5 


••• A S />A 


тгп 


> Таке A o =1976.2 


2 

mm 
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1195.3 



917 


Sec. 



1130 = C, 


917 * 10 в 
25 * 1800 



1130 


1800 


* С,= 7.91 — ► J = 0.826 


Д Mact _ 9/7 *_10_ 




0.826*360* 1130 


= 2729.0 mrri 


A 


S (mm/m ) — 


Z7Z90 = ı 5 ı 6 ,ı mrn/rn 


R.C. 


1.80 


Сһеск A 


8 min 


A K 1.5d = 1.5*1130=1695 , 2 

= ) i 1695 ram 


8 min “ 


5 $ 12/m) = 565.5 


► TaJceAş— Аз ш ^ п= 1б95гпгп 
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Transverse direction. Short direction. 


Hidden Beam 1 


Mfact. — 142.7 kN.m/m 


1 42. 7 kN.m 

A 





ШЖШ 

Шжж. 





1000 -J 


1130 


I 


ШШЈПР 

626.5 kN/m 


'lipr 

act. 


1130 = 



U& 7 * ıo fi ^ 

25 *1000 



14.9 



0.826 


A*= Mjwj = 111*10 _ 424.7 mrn/rri 

Ä jFyd 0.826*360* 1130 

Check A o 

тгп 



Sm/in 


1.5 d = 1.5*1130 = 1695 
5<ff> 1 2/m' = 565.5 


1 695 mm 


As /A 


тгп 


TakeAs— ^Smin^ 1695mrn 


7 $ 18 /m ' 
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Hidden Beam 2 



176.9 kN.m 

A 



1130 


1000 


i 


шшһш 

776.8 kN/m 


^Afıeet 


1130 =С 1 \ _ШИО -»c f = 13.4 —>J= 0.826 

V 25 * 1000 


_ M act. _ 176.9*1 0 ( 


o — — =526*4 rnrn/rn 

Ö jFyd 0.826*360* 1130 


Сһеск A 


Smin 


A 


Sm/in — 


1.5 d = 1.5*1 130 = 1695 
5<fl> 12 /m' = 565.5 


1 695 ram 


*• ► ТакеА$ — A § m ^ n — / 6> 95 mrn 


7 ф 18 /m ' 
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6— Details of Reinforcement. 



6.70 



Plan 
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ГН Trapezoidal Combined Footing. 


Pı>Pz 


* oj) j l 4J l> 


Lojülc. 

ip x < — & 

2 2 


Strap Beam Jl Ш 

— Lı — -p — X — - 7 ~Ij2- 


/ 

/ 

/ 

/ 


~7 

/ 

/ 

y 

y 







ш 




11 


Fı 


ғ 2 


IF Pj P2 use Trapezoidal combined Footing . 
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1 — Calculate the Footing area.(Width Sc Length of R.C. Footing.) 




OJLC-UÜ I jJd Jü JL>0 |*JJ 

• j L J I jl»> (jJI j UJ j jxlc- e ЗуУГы (Jlä J) C- 

* ^ЈитЈһо q&ş <İUmJ) fjj t S J 



R Jl—vi <JUa»w0 <-cli 3 <_jLw*d» 


rä 


J UJ I A JXLC- < İUgUJLO <> JLo^VI <1 Ac.) JbJLso ^Зј 


i? * Хд =Рг* 



Хт — -Хд +D * ^ <> JU^VI Ч -Ua^ dro JjdÄj 
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Calculate the width of the Footing. B 


tp. c . ^ 20 


cm 


A - 

Л Р.С.~ 

R w 

9 all 

= S m — L P C 

Vrr, 

Bp,C. | 

/ B 1P .c.+ Вгр.с' 

л т= 

3 

' Bi р.с.+Вгр.с. ' 


■<D 


From(T) 



Bıp.c.= Sc Вгр.с.= 


Bir.c.= Bıp.c 2 tp.c. B2 r.c.= Вгр.с- 2 tp.c. 


IF t P . c . ^ 20 


cm 


A Rw 

■^тл.с. a 

Чаи 


= '■ ’ ■ һк ) -ф 


•\z L»r (Bi R .0.+ 2Bzp.c\ /Z5\ 

Хт ~ -тг K в7Ш*ШГс. ) — -® 


From ( 7 ) 



BlR.C.= ‘ Sc Bzr.C.= 


Bıp.c.= Bir.c.+ 2 tp.c. 


Bzp.c.== Bzr.C.+ 2 tp.c. 
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Calculate the average width of the Footing. 


( B <XV.R' '■ * Lr.C.) cjlfijt JiloLtM ^ ejU^ (Jj»İ4 <UiJI oJl£ÜUI yl jj!kj 


B av .R.C. = ■ t*£± 

2 



- Actual Normal stress on R.C. Footing ( U.L .) 



- ictuai Uniform Load on R.C. Footing ( u. L .) as a beam. 
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Drawing U. L. B.M.D. & S.F.D. on the ail R.C. Footing. 

Longitudinal direction. 


B.M.D. , S.F.D. ro 

ojjS LfiJS' öJlc-ÜÜJ 

Br.c. 


B RC . öjLjlC- oJlc-ÜÜI qI jjSfj 

P 1 U. L. PZU.L. 

I \ 




1 1 ■ 




L 



R.C. 



B.M. , S.F. ftj A j ШШШШШШ 

Г 'Wu.L. kN/rri 

* 0» 2lCl f> ^ J C- 


тттттттттттттттттғт 

'Wu.L. kN/rri 



м 3 OJL^UJI t, moment ЈјЈа!) 

^Lo <— \zero shear<l& ^ISLo jüj^j ^ 
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Мтах. ™ the bigger moment of M V M Z >M 3 ,M 4 &M 6 


Cİ (mm) — C f \Ј 


OcN.m) ^10 
Fou Wmrn) * Bav.R.C. ( mm ) 


Choose C i ~ ( 3 . 5 -> 5 . 0 ) Get d = y/V* 

t R.C . - & -j- COVBV (70 mm) 


(mm) 


Сһеск depth in Transverse direction.Short direction. 

is a Hidden Beam. 




Lı = bı+2d 

Hidden Beam 1 




Lı=bı+2d 
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Hidden Beam 1 


PlU.L. 




d= Cı \ / Mbigger* 10 6 Get Г 
ч Ғп * 1000 1 


Then Сһеск on Cl 3.0 

IF Cı < 3.0 ► Increase d 

and Recheck the transverse direction. 
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3—СҺеск Shear. at long direction. 


Critical section For Shear. 


Qmax. oJkifr (J-Ul J — Л£Ј çjJlc, 

2 


л 




S.F.D. 


ж 


■ү 


✓ ' ч 




W u.L . kN/rri 

Qs 



* max 


Qcr. — Qmax. — 'U^u l. * ¥r 


d 

2 


* Calculate Actual shear stress. Ш 


3 

a Qor. (km * ıo 

Ј-и = — 

B (mm) * d (mm) 


2 f 

( N/mm ) ı 





* Calculate Allowable shear stress, (VsJ ^ 



2 


(N/mm ) 


* Compare between 

Actual shear stress (ч и ) & Allowable shear stress (O 

* Чи C ^ 


Saf e shear stresses 

No need to increase dimensiorıs. 


*if q u > q 


su 


UnSafe shear stresses 

We have to increase dimensions. 
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4— Сһеск Punching Shear. 


Г 


Bi 


ı ** ; а 2+ Ф Г 

һг 1 i Г 1 fe 

l — - — j t l _bj_ 


'- J bı+ch- i 


b&d 


удЗШ! 




C oluran 1 

* Calculate Punching Force . (Qıp) 



(.kN) 


* Calculate Punching shear ar ea. (Afp) 




J^lcJI 



2 

(mm) 


* Calculate Actual Punching shear stress. Qf 



/Pu 


Q- 1 Pu = 


Qip (kN) * / 0 5 


[2(a/*d)-/-£(b/+d)]* d (mm 


£ 

(N/mm ) 
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C o lumn 2 



* Calculate Punching Force. 


Qgp=P 2 U. L- ( Fact. ) [( OL 2 + d ) ( Ö 2 + d )] 

UcN ) 


* Calculate Punching shear area, (Дгг>) 








2 

(mm) 



* Calculate Actual Punching shear stress . g 




Угри= 


Q 2P (km *10 3 


2 


\j2(a,2+d)+2(b2+dy]*GL Lmm) 


( N/mm ) 


Choose 9 


Pumax 


the Ыддег value of QlPu & Угри 
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* Calculate allowable Punching shear stress. Qpcu 

* VI q*o JJVİ Cuill <ДзЛј 


Take bo For the Edge columnto get smaller (J p 
Take a=3 For the Edge columnto get smaller (J p 



CL = 4 Interior Col 
a = 3 Edge Col 
CL=2 Comer Col 


a 



( N/mm ) 


^ f 
( N/mm ) b 


ј^д г ЈЈ jajc ji ja a 




(N/mm ) 


* Com/pare between 

Actual punching shear stress (9 Ритпх) SC Allowable punching shear stress < 9 vJ 


* 1 <% cu 
* IF 9 pumax ^ %eu 


Saf e punching shear. 

No need to increase dimensions. 

UnSafe punching shear. 

We have to increase dimensions. 
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5— Reinforcement of the Footing. 


Longitudinal direction. 



I I 
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Sec.Q) 


From d - Cı \/ МпишТор 


Fcu* Bj 

Get 


r л 

ч 1 

ш 

ııı 


İb.c. 


► C, — ► J 


M, 


max Top 


Get 



2 

{mm ) 


Check A 


Smin 


Smin ( mm/m ) 


г /.5 d (mm) 

-i 

C 5<f6 12/rrCJ 


IF Astop ^A Srnin ► o.k. 

IF top < Asrnin ► Take Ag — A, 

Sec. 


mvn 


M max bottom 

A 


From d = С 1 \/ M rnax bottom 


Fcu * B 2 
Get 


► c, — ► J 


§jj§j 

Ш 

L- 



İr.c. 


Get 



2 

{mm ) 


Check A 


Smin 


Smin {mm/m) 


1.5 d {mm) -) 

I 

5</f> 12/т'У 


-ı 


IF Ashott Asni 


mvn 


o.k. 


IF -^Sbott <Г ^ S min ► Take -4g = -^Smin 
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Transverse direction.Short direction. 


Plu.L. 



Hidden Beam 2 


From di = С 1 \ M2act. 


F cu * 1000 

Get 


+ C, — > J 


Get 



(mm/rri) 


Сһеск A 


Sm/in 



ШШЈШЈ у 

*2act 

2 act. 
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6— Details of Reinforcement. 



Sec X-X 



^ — L -/ — 


Plan 
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